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\s my subject deals with the invasive 
haracter of cancer growth, it is well first 
to consider precisely what is meant by the 
term invasiveness. 


Let me begin by reminding you that all 
tumors consist of cells derived from the 
bod A tumor might be defined 
for our purposes as an excessive and limit- 
ess local multiplication of cells. This 
al multiplication leads to the formation 
fa lump, a swelling, a tumor. 


tissues. 


[Tumors may be divided into two main 
groups, benign and malignant. Benign 
tumors remain strictly localized; they are 
ircumseribed and sharply demarcated 
he surrounding normal tissues. Fre- 


irom t 


jwently a capsule forms around them, 

erving as a sort of mantle that separates 

the tumor cells within from the normal 

ells outside. As the cells of the benign 

imor multiply the tumor grows larger, 

it its growth is expansive, like a balloon 

n eing inflated with air. Thus the benign 

) imor merely compresses and pushes aside 
e surrounding normal tissues. 

Malignant tumors, however, do not re- 


in strictly localized. The cells of the 
lignant tumor infiltrate and permeate 
ito the surrounding parts. 


‘psu 


There is no 
or only an incomplete one. As the 
ells multiply the tumor increases in size, 
like a balloon expanding; rather, 
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like the roots of a plant penetrating the 
soil. The cells of the malignant tumor dis- 
rupt the surrounding tissue, dislocating 
the normal cells and often destroying 
them. The cancer cells may even gain 
entrance to a blood vessel or a lymphatic 
vessel in this way and so be swept into the 
general circulation and then be deposited 
in some distant part of the body. Becom- 
ing established there by their continued 
multiplication they produce a secondary 
tumor, or metastasis. 

It is this invasive type of growth which 
concerns us now. Upon what does this 
invasiveness depend? Why do benign 
tumor cells remain localized? What is it 
that enables malignant cells to penetrate 
the surrounding parts? 

First, it is not the presence of a capsule 
that makes the benign tumor remain local- 
ized. Sometimes a benign tumor becomes 
malignant. When it does, it expresses its 
malignancy by invading through the cap- 
sule. The capsule, then, is no barrier to the 
invading cancer cells. 

It was suggested long ago that malig- 
nant tumor cells might secrete some sub- 
stance that would destroy the adjacent 
normal tissues, without injuring the tumor 
cells. Such heterolytic ferments were, 
indeed, reported by several investiga- 
tors.!83.14 Further however, did 


258 COMAN: THE INVASIVE CHARACTER OF CANCER GROWTH 


tumors. It becomes less conspicuous in t! 


not substantiate these reports and today 
central part of tumor, benign « 
malignant, in which part the blood supp! 
is reduced by the increasing size of th: 
This suggestion, then, is not 


of invasive 


this hypothesis is no longer seriously con- any 
sidered by most investigators. 

A third attempt to explain invasive 
growth suggested that the tumor cells were 
forced into the surrounding tissues because 
of the pressure built up within the tumor 
by the proliferating mass of cells.6 The 
tumor thus supposedly broke through its 
bonds and penetrated neighboring parts. 
The cells, once free, might further invade 
by their own ameboid movement. But this 
mechanism does not explain why benign 
tumors do not invade. Benign tumors may 


tumor. 
a satisfactory explanation 
growth. 

To summarize at this point: 

The benign tumor does not remain local- 
ized because of the presence of a capsule. 

The suggestion that malignant cells 
secrete destructive ferments has not been 
supported by evidence. 

The explanation that malignant cells are 
forced into the neighboring tissues by 
pressure within the tumor, due to cell 


unanswered the 


grow as large as malignant ones, and fre- 
quently become even larger because they 
do not invade and kill the host. Where 
one incises a benign tumor, often it bulges 
outward, indicating that the cells within 
the tumor were under considerable pres- 
sure, yet they were not forced out into the 


multiplication, leaves 
question, why then do benign tumors not 
invade? 

The explanation that malignant cells 
have escaped “local formative influencs” 
is no explanation at all. 

Last to be mentioned, the suggestion 
that invasiveness depends upon peripheral 
cell multiplication in malignant tumors, 
whereas proliferation in benign tumors is 
central, fails because multiplication occurs 
in both types throughout. 

What other possibilities are there? 

A year or so ago the following observa- 
tion was made.‘ An attached pair of fresh 
living cancer cells from a man’s lip were 
examined with a micromanipulator. One 

micro needle was inserted into one of the 
cancer cells, the other into the other cell. 
The needles were then moved gradually 
apart. It was noted that the cancer cells 
separated, one from the other, very easily 
But when a pair of normal cells from the 
lip were treated in the same way, the) 
clung to each other tenaciously. 


neighboring tissues. 

This attempt at explanation, then, does 
not fit the facts. It remains true, however, 
that mechanical stresses and tensions do 
explain the mechanism of displacement of 
cells, once they are free to be displaced. 
Benign tumor cells are evidently bound in 
some way so that they are incapable of dis- 
placement, in contrast to malignant cells 
which are free. Because it is free, the 
malignant cell can be displaced mechan- 
ically or wander off by ameboid movement. 

[ shall mention a fourth explanation 
only because it has been frequently re- 
peated. The statement made that 
“Malignant cells invade because they have 
escaped from the formative influences of 
the neighboring tissues.” This is obviously 
no explanation at all, because the term 
“formative influences” lacks definite mean- 


is 


ing. It would obstruct further investiga- This observation suggested a_ possible 
tion if we folded our hands in acceptance solution of our problem. If it were found 
of such a statement. that malignant cells were indeed easil} 

It has been suggested that the malignant separable one from the other, it would 
tumor is invasivé because its growth is offer a physical basis for invasive growth 
peripheral ;’:* that is, the cells of the tumor Such easily detached cells would thea bt 


are at the edges of the free for mechanical displacement into th 
tumor instead of at the center as in benign 
tumor. But mitotic activity occurs 


throughout both benign and malignant 


which multiply 
surrounding tissues, or free to wancer 0! 
by their own locomotion. 


Therefore, a large number of ceils wa 
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examined with 


the micromanipulator. 
Cells were obtained from cancers of the lip, 
from normal lips, from cancers of the 
cervix, from normal cervices and from 
papillomas of the skin (benign tumors). 
The technique was refined so that the 
force required to pull apart a pair of cells 
could be measured. This was accomplished 
by measuring the bend produced in a 
microneedle as it pulled a pair of cells 
apart. One stiff unbending needle held one 
of an attached pair of cells. The tip of the 
other needle was inserted into the other 
cell. This latter needle was flexible and 
had been calibrated previously with micro- 
weights, so that it was known that a given 
force would produce a certain amount of 
bending. By measuring the amount of 
bend in the needle, the force necessary to 
pull a pair of cells apart was obtained. The 
results of this investigation are shown in 
Table 1. Malignant cells, whether from 
the lip or cervix consistently showed low 
values of cohesiveness as compared with 
normal and benign tumor cells. 

1.—Forces REQUIRED TO SEPARATE PAIRs 

oF CELLS BY MICROMANIPULATION 


Mean and its standard 


rivation of cells 


error, mag. 
Normal lip 142 + 0.041 
Carcinoma, lip 0.47 + 0.051 
Papilloma, skin 1.25 + 0.032 
Normal cervix 1.11 + 0.039 
( inoma, cervix , 0.18 + 0.022 
Each figure is based upon 50 pairs of cells and 


epresents the mean (with its standard error) of 
the force in mg. required to separate the cells by 
micromanipulation. It is seen that the values for 
matous cells are much lower than those 
mal cells and for cells from papillomas. 


Thus is would seem from these observa- 
tions that cancer cells are indeed less firmly 
ittaclied to one another than are normal 
r benign tumor cells, and as mentioned 
this offers a physical basis for in- 
asi\ growth. 


efor 


But. we must go further. 


10es 


Upon what 
is cohesiveness of cells depend? It 


‘eens inost likely that it must in some way 
‘epen’ upon the state of the cement sub- 
‘tance that is known to exist between cells 
td which serves to bind them together. 
‘an we find any differences between be- 


CHARACTER OF 


CANCER GROWTH 259 
nign and malignant tumor cells in regard 
to this cement substance? 

Two possible explanations will be pre- 
sented. The first of these we shall call the 
-alcium deficiency hypothesis. 

Biologists have known for a long time 
that calcium plays a part in maintaining 
the cohesiveness of cells. Cells which 
normally stick tightly together will sepa- 
rate readily if calcium is withdrawn from 
the medium in which the cells are im- 
mersed. The stability of the intercellular 
cement substance is thus dependent upon 
the presence of calcium.” 

Supposing then that it could be shown 
that cancers were deficient in calcium, this 
might lessen the cohesiveness of the cells 
and lead to invasive growth as suggested 
above. 

Carruthers and Suntzeff* applied a car- 
cinogenic chemical to the skin of mice. 
They then measured the calcium content 
of the normal skin of mice and compared 
it to the calcium content of the skin after 

treatment with the chemical carcinogen. 
They found that soon after the application 
of the carcinogen, the calcium content 
dropped. Another large drop in calcium 
occurred when the skin cells became truly 
cancerous and invasive. Furthermore a 
group of human cancers was analyzed by 
Scott'® who found that they were deficient 
in calcium. This calcium deficiency in 
cancer bearing patients is a local defi- 
ciency, confined to the tumor; the blood 
level of calcium in cancer patients is not 
disturbed. 

The calcium deficiency hypothesis, then, 
finds support in the chemical analysis of 
cancer tissue. It may be the answer to our 
question, though it leaves for the future 
the next question, why do cancer cells con- 
tain less calcium? 

The second possible explanation of the 
decreased cohesiveness of cancer cells we 
shall call the increased spreading factor 
hypothesis. 

It is a property of some substances® to 
enhance the spread or diffusion of small 
particles or solutions through living tis- 
sues. Such substances are called spreading 
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factors. A very potent spreading factor is 
an enzyme called hyaluronidase, which can 
be extracted from testicular tissue. If a 
solution of hyaluronidase is mixed with 
India ink and then injected into the skin 
of a rabbit it causes the ink particles to 
spread widely through the skin. The action 
of hyaluronidase is to hydrolyze hyaluronic 
acid," one of the chief constituents of the 
intercellular cement substance, thereby 
separating the cells and allowing the ink 
particles to pass between them. 

Is it possible that some such mechanism 
as this plays a part in causing the de- 
If so, 


cancers should have a high content of 


creased cohesiveness of cancer cells? 


spreading factor. 

Boyland and McClean? determined the 
spreading factor content of a large group 
of animal tumors. These tumors ranged 
from benign, non-invasive tumors to ma- 
lignant, invasive cancers. They reported 
that the spreading factor content paral- 
leled the malignancy of these tumors; the 
more malignant the tumor the more 
spreading factor it contained. 

This result would certainly seem to lend 
support to the hypothesis that the de- 
creased cohesiveness of cancer cells de- 


pends upon an excessive amount of spread- 


1. BLUMENTHAL, WOLFF: 
2. BoyLanp, E., and D.: 
3. CARRUTHERS, C., and SuNTzEFF, V.: 
4. Coman, D.: Cancer Res., 4, 625, 1944. 

5. Duran-REYNALS, F.: Bact. Rev., 6, 197, 
6. Ewrna, J.: 
7. EwIna, J.: 
8. JACOBY: 
9. KARSNER, H.: 
KEPINOW: 


12. Ep.: 
13. Nevusera: Berl. klin. Wchnschr., 41, 
14. NEUBERG: 
15. Ropertson, J. D.: 


16. Scott, G. H.: Biol. Symp., 10, 277, 1943. 


CHARACTER 


REFERENCES 
Ergebn. d. Exp. Path. u. Ther., 1, 65, 1907. 
J. Path. and Bact., 41, 553, 1935. 
Science, 99, 245, 1944. 


Ztschr. f. Krebsforsch., 7, 517, 
11. Meyer, K., Cuarres, E., Hopsy, G. L., and Dawson, M. H 
Deutsch. Arch f. klin. Med., 92, 199, 1908. 
1080, 
Ztschr. f. Krebsforsch., 2, 171, 1904. 
Biol. Rev., 16, 106, 1941. 


OF CANCER GROWTH 

ing factor. Furthermore, if this substan 
were released by the cancer cells it mig! 
act upon the cement substance of tl 
adjacent normal tissues, thus facilitating 
the invasion of the normal tissues by tl 
cancer eells. The work of Boyland an 
McClean has not as yet been confirm: 
A similar analysis of humar 


elsewhere. 
tumors is under way in our laboratory 


the present time, but has not progresse: 
sufficiently far to allow conclusions to be 
drawn. 

This 
question, upon what does the invasive 
Instead of a 


discussion began with a single 
growth of cancer depend? 
single answer, I must close with several 
questions. 
Does the 
cancer cells depend upon the local calcium 
deficiency that is known to exist in cancer 
Or, does it depend upon a local 
May it not 
in some way depend in part upon each of 
these factors? Perhaps the actions of cal- 
cium, hyaluronic acid, and hyaluronidase 


decreased cohesiveness of 


tissue? 
increase in spreading factor? 


are in some way connected in regulating 
the consistency of the cement substance 
And finally, are there any other ways i 
which the invasive growth of cancer cells 


can be explained? 


1942. 
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MULTIPLE PULMONARY HEMANGIOMATA 


By Paut Topp Makter, M.D. 


AND 


HEMANGIOMATA 


Davin Zion, M.D. 


WITHIN recent years, the attention of 
medical men has been increasingly directed 
to diseases of the chest by the advent of 
successful thoracic surgery. Because of the 
increasing interest in the accurate diag- 
nosis of intrathoracic lesions, we are re- 
porting, in this paper, a new case of pul- 
monary hemangioma. The previously re- 
ported cases of this condition, 7 in num- 
ber,2-*°-8 will be briefly reviewed in order 
to call attention to the fact that pulmo- 
nary hemangioma produces so character- 
istic a syndrome that it may be strongly 
suspected from clinical evidence alone. 

In 1938, Rodes reported the first case of 
pulmonary with polycy- 

other evidences of chronic 
The patient had died of mas- 
sive hemorrhage apparently spontaneous 
n nature, and the 
strated postmortem. 


hemangioma 
themia and 


noxemia. 


was demon- 
The fact that this 
ondition is truly rare, and that the pau- 
ity of reports is not merely the result of 
faulty diagnosis, is indicated by the fact 
that large series of routine autopsies 
throughout the world make no mention of 
this condition. 


lesion 


A pulmonary hemangioma (also called 
pulmonary arteriovenous fistula) is a 
f blood vessels connected by feeder 

with both the pulmonary arterial 


ind venous circulations. 


Knot 


Thus it acts asa 
hunt whereby blood can pass from the 
terial to the venous circulations of the 
pulmonary circuit without passing through 
the lungs and being oxygenated. The 
bhysio!ogie effect of this is to produce a 
W Oxgen saturation of the arterial blood 
‘upply all other changes are secondary to 
anoxemia. themselves 
a.ernous hemangiomata, benign in 
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Case Report. In November of 1944, the 
descriptions of pulmonary hemangiomata 
that had appeared in the literature since 
1938*4.6-7.5.9 called to mind a patient seen in 
1941. This young man was asked to present 
himself for further examination. He is 
native born of Italian descent, who was a 
patient of Dr. Jacob Makler in 1941. At 
that time he was 17 years old. His com- 
plaints of 3 years duration, were marked 
cyanosis and mild dyspnea on exertion. His 
family history was negative. He was not a 
“blue baby” at birth. There had been no 
severe pulmonary disease in infancy and 
there had never been a history of rheumatic 
fever. He had never lived at high altitudes. 
There had never been known exposures to 
silver salts, arsenic, aniline, manganese, or 
coal tar derivatives. His growth and develop- 
ment had been normal. Physical examina- 
tion revealed an asthenic but normally built 
man. He had marked cyanosis. The fingers 
were markedly clubbed. The lungs and 
heart were completely normal to examina- 
tion. Neither the liver nor the spleen were 
palpable. Temperature, pulse and respira- 
tion were normal and the blood pressure was 
within normal limits. The laboratory studies 
and special examinations done at this time 
are presented in Table 1. There was slight 
polycythemia. The white count, venous 
pressure, circulation times and electrocardio- 
gram were all normal. A Roentgen ray of the 
chest was interpreted as showing increased 
vascular shadows probably due to the poly- 
cythemia. Otherwise the film was normal. 
The patient was discharged with the diag- 
nosis of congenital heart disease, probably 
intra-auricular septal defect; but, it was 
understood at the time, the diagnosis was 
not satisfactory because a right to left shunt 
sufficient to cause marked cyanosis should 
cause murmurs, evidence of right ventricular 

enlargement or other signs of cardiac disease. 
In 1941 a Roentgen ray of the chest was 
taken as a follow-up procedure. The film 
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was reported by Dr. Arthur Finklestein as 
showing increased hilar markings probably 
due to the polycythemia. A note was made 
to the effect that the shadows might be 
caused by the presence of abnormal blood 
vessels, but no further attention was paid to 
this possibility. 

When the patient returned to us in No- 
vember 1944, he reported that he had had 
no new symptoms since his previous admis- 
sion with the exception of occasional nose- 
bleeds and headaches. The cyanosis, club- 
bing and dyspnea were very prominent but 
he did not think that they were becoming 
worse. He was leading a normal life and was 
attending college at the time. The physical 
examination was very much the same as on 
the first admission with two exceptions. A 
small telangiectasis was present behind the 
right ear and a systolic murmur was heard 
in the left fourth interspace, 5 cm. to the 
left to the mid-sternal line. The great pos- 
sibility is that the telangiectasis was missed 
on his first physical examination, but we 
have no way of telling whether or not the 
murmur is a recent development. 

Roentgen Findings. In our original ex- 
amination in 1941, a fairly discrete opacity 
measuring approximately 2 cm. in diameter 
was noted in the mid-portion of tl + right 
lung field at the level of the eighth 
teriorly. A second poorly defined, i: ‘egular 
opacity measuring 3 cm. in diamever was 
noted in the seventh posterior interspace in 
the mid-portion of the left lung. From each 
of these opacities, a broad linear shadow 
was seen extending towards the hilum. The 
roentgen interpretation, at this time, was 
that the changes noted were due to throm- 
botic vessels secondary to the polycythemia. 
We were not satisfied with this interpreta- 
tion and reéxamination at a future date was 
suggested for comparison. 

Eight months following the original study, 
the patient returned and was re-rayed. There 
was no significant change in the previously 
described lesions. The heart was again of 
normal size and configuration. At this time 
possibility of angioma was suggested al- 
though the original not 
changed. 

The present studies, done in November 
1944, showed two additional masses similar 
to those previously described. They lay in 
the right lung and one was well down into 
the shadow of the diaphragm. The heart 


sil pos- 


diagnosis was 
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was still normal in size and configuratio1 
The originally described opacities wete agai 
seen. The linear shadows extending to tl 
hilum were interpreted as feeder 
to the angiomatous masses. During the 
chamber analysis, under fluoroscopic o 

servation, the intrathoracic pressure was 
altered by asking the patient to try to 
expire with the mouth closed and the nos- 
trils occluded (Valsalva experiment), and 
then to try to inspire under the same condi- 
tions. These efforts resulted in a marked 


Vesst 


decrease and then increase in the size of the - 


masses and feeder vessels, as the negative 
pressure was made lower and then increased. 
Repeated attempts at long exposure films 
were not successful in demonstrating pulsa- 
tion of the masses. Laminographic studies 
were then done to clearly delineate the areas 
involved. The shadows extending from the 
hilar region were seen to be dilated pulmo- 
nary vessels. The lung field masses presented 
an irregular worm-like configuration that 
was continuous with the feeder vessels (see 
illustration). These findings confirmed the 
previous impression of multiple pulmonary 
hemangicmata. 

It will be seen (Table 1) that there ha: 
been progression of the abnormal finding 
present on the first admission. The re 
count and hemoglobin were higher. The cir- 
culation times were slower, as would be 
expected in view of the increased red cell 
count. The sternal marrow aspiratio! 
showed a slight tendency to overactivity oi 
erythropoiesis. The ratio of red 
white cells was about 1:1, and this is the 
upper limit of normal for the red series 
The marrow, in general, was normally cel- 
lular. 


cells t 


In summary, then, we had a young man 
in good health except for polycythemia 
and the signs and symptoms referable t 


it. These were cyanosis, clubbing of fin- 


gers, headache, easy fatigue, nosebleed 
and slight dyspnea on exertion. 
In addition, he had a peculiar murmu! 


in the fourth interspace 5 cm. to the left 


of the mid-line, and had a small te!ang 
ectasis behind one ear. 

At the time of this writing, November 
1945, the patient has remained cli call; 
unchanged since his last hospital adn issio! 


a year ago. 
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Differential Diagnosis. The causes of poly- 
themia may be given as: 
1. Polyeythemia vera 
2. Secondary polycythemia 
a. High altitude 
b. Poisoning by heavy metals or ani- 
line dyes 
ce. Pulmonary disease preventing 
adequate oxygenation 
\ verza’s disease 
Emphysema 
d. Cardiac anomalies with a right to 
left shunt 
Tetralogy of Fallot 
Complex of Eisenmenger 
Pulmonary artery stenosis with 
septal defect 
e. Pulmonary hemangioma 
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all indicate that the polycythemia is sec- 
ondary rather than primary. 

Considering the list of causes of sec- 
ondary polycythemia, we were able to 
eliminate several items by history alone. 
The patient had never dwelt at high alti- 
tudes; and, in any case, it has been de- 
monstrated® that the polycythemia caused 
by this practice persists for only a short 
time after the subject has returned to sea 
level. Poisoning by heavy metals or 
aniline dyes was very unlikely since the 
patient was aware of no prolonged ex- 
posure to these substances. The prolonged 
course of illness is also against such poison- 
ing being causative. The possibility of the 


TABLE 1.— LABORATORY STUDIES 


September 11, 1941 November 18, 1944 
Red cell count 6,200,000 7,700,000 
Hemoglobin 17 gm. 19.5 gm. 
White blood count 7900 6500 
Polymorphonuclears 67% 69% 
Eosinophils 8 1% O% 
Basophils O% 
Lymphocytes 28% 28% 
Monocytes 3% 
Hematocrit Not done 55 
Platelet Not done 175,000 (normal for this lab. 
MCV 7leu 
MCH 27 ¥ 25 vy 
MCHC 35% 
Venous pressure 125 mm. 125 mm. 
Calcium time 14 sec. 20 sec. 
Ether time 9 sec. 14 sec. 
Sternal marrow Not done 
Erythrogones 2 
Normoblasts A 5 
Normoblasts B 11 
Normoblasts C 26 


Blasts 
Promyelocytes 
Myelocytes 
Met amyelocytes 
Mature polymorphonuclears 
Eosinophils 
Monocytes 
Megakaryocytes 
Lymphocytes 


In the case of our patient, there was 
most nothing to suggest a diagnosis of 


nal . . 
polyey'hemia vera. His youth, the lack 


spleromegaly, the normal range of the 
white coll and platelet counts, and the lack 
‘hyperplasia of the white cell progenitors 
id megakaryocytes in the bone marrow 


Total R.B.C. 44 


1 

7 
17 
19 

3 

2 

0 Granulocytes 50 
6 Lymphocytes 6 


100 


existence of chronic pulmonary disease 
was next to be considered. Such disease 
might well account for the anoxemia that 
stimulates the marrow to produce abnor- 
mally large numbers of red cells. Our 
patient had a normally shaped thorax with 
ample and symmetrical expansion during 
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ec 

nu 
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inspiration. The diaphragm appeared on 
physical examination to descend amply. 
The breath sounds were normal through- 
out the chest and there was no alteration 
of the percussion note. Roentgen examin- 
fluoroscopy confirmed 


ation, including 


these findings. Furthermore, the absence 
of right ventricular enlargement on phys- 
ical examination, on electrocardiographic 
examination and on Roentgen ray study 
was strongly against any great amount of 
emphysema or Ayerza’s disease. 
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that cause anoxemia, cyanosis, clubbi 

and polycythemia are those associated 
with a very large shunt of blood from the 
right side of the heart or great vessels to 
the left side without the blood passing 
through the lungs. It has been estimated 
that 30% of the blood must pass through 
such a shunt in order for cyanosis to 
occur. Conditions that might cause such 
a deviation in the normal blood flow are 
absence of the interventricular septum, 
gross septal defects with pulmonary sten- 


I Ic. l. 
its feeder vessel going to the hilum. 
paralleling the mediastinal shadow. 


Perhaps the most difficult and important 
cause of polycythemia to rule out was con- 
genital heart disease. Here again we were 
forced to utilize negative findings for the 


most part. The congenital heart lesions 


Laminographic Roentgen ray: a pulmonary hemangioma is seen in the left lung field wit 
A descending feeder vessel is poorly seen in the right lu 


field 


osis, and transposition of the great ve 
sels. In all these conditions, one obtails 
a history of cyanosis from birth, ‘he P* 
tient’s growth and development ar» often 
seriously impaired, and cardiac « large 
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ment with preponderance of the right ven- 
tricle is demonstrated by physical exam- 
nation, Roentgen ray of the chest and 
right axis deviation on the electrocardio- 
Furthermore characteristic mur- 
The 
absence of the above named factors made 
unlikely that congenital 
heart disease was the cause of our pa- 


gram. 
murs can usually be demonstrated. 
t seem vers 
tient’s secondary polycythemia. 

The elimination of the usual causes for 
left with 
picion that pulmonary hemangioma was 
the correct diagnosis. Accordingly, Roent- 
gen ray confirmation was sought by means 


polycythemia us strong sus- 


f fluoroscopy and laminography as well as 
he customary technique for chest films. 
[he complete report appears in the case 
eport. 


Re u of Pre iously Re porte d Cases. So 
v cases of this nature have been reported 
is summary can draw no sweeping 
Table 2 will 


w that the cases have been remarkably 


ons. A reference to 
lar. We believe that this similarity is 
striking that a definite clinical picture 

be said to exist. In view of the far 
frequency of congenital cardiac 
a cause for polycythemia and 
losis in the young, pulmonary heman- 
n only be kept in mind until the 


rt hes been ruled out as the source of 
ible. All the cases reported have been 
ing adults. Dyspnea, clubbing, cyano- 
and polyeythemia have been common 
ll, al:hough the case of Janes® does not 
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None of the 7 
‘ases have had demonstrable heart or lung 
disease. Three of the 7 cases had multiple 
pulmonary hemangiomata, our case having 
the largest number. 
had demonstrable 
where. 


mention the red count. 


Four of the 7 cases 
hemangiomata else- 
Hemorrhage occurred in 2 of the 
cases and has also been reported as the 
cause of death in an infant who had a pul- 
monary hemangioma and died at such an 
~arly age that the picture of the chronic 
condition could not occur.’ 

Discussion. 
other cases of this disease, the prognosis 


In view of the results in the 


must be accepted as grave, with the danger 
of massive hemorrhage always present. 
Even if this does not occur, polycythemia 
is a condition that is associated with seri- 
of the 


ous complications. Exhaustion 


TABLE 2.—ANALYSIS OF 7 REPORTED CASES 
Case (1) 2) (3) 4) 5) 6) Present case 
Age 25 40) 23 22 30 24 20 
Dyspnea + + + + + + + 
Clubbing + + + + + 
(vanosis + + + + + 
Hemangiometa elsewhere + 0 0 } } 0 + 
Cardiac disease 0 0 0 0 0 0 0 
Lung disease 0 0 0 0 0 0 0 
R.B.C. in millions 7.6 6.5 9.5 11.5 47.5 7.7 
Number of lung hemangiomata 3 l l | 3 1 1 
Hemorrhage } 0 0 0 } 0 0 
Course Death Well Pneumo- Well Multiple Pneu- Well 
from nectomy, excision monec- 
hemor- well after tomy, 
rhage hemor- well 
rhage, 
well 


marrow with anemia, granulocytopenia, 
thrombocytopenia or any combination of 
these conditions may occur. It has been 
stated that leukemia or erythroleukemia 
is a complication of polycythemia, but this 
is not generally accepted. A peripheral 
blood picture resembling chronic myelo- 
genous leukemia can occur when the mar- 
row myeloid 

Under 
such circumstances, nucleated red cells, 
and immature white cells, including myelo- 
cytes, may appear in the blood. These 
factors, plus the anemia and thrombo- 
cytopenia and the enlarged spleen, cause 


and 
metaplasia of the spleen occurs. 


becomes exhausted 


a superficial resemblance to chronic myelo- 


genous leukemia. However, the marrow 


e pa 
oftel 
large 
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shows exhaustion and aplasia instead of 
the hyperplastic state seen in leukemia. 
In any polycythemic patient, thrombo- 
sis is a great danger and may even cause 
death. 
blood, which results from increase in the 


The increased viscosity of the 


red cell mass without adequate concom- 


) 


itant increase in the plasma,° results in 
slowing of the circulation and an increased 
tendency to clot. 

It must also be considered that the in- 
creased viscosity of the blood causes an 
abnormal burden to be placed upon the 
heart. 

Lastly, duodenal ulcer is found com- 
monly in patients together with polycy- 
themia,'! and the latter may possibly pre- 
dispose a patient to the former by produc- 
ing vascular changes and plugging of small 
vessels in the intestinal wall. 

In view of all these factors, it is probable 
that surgery is the best method of handling 
cases of this disease. The extent and type 
of the surgery naturally depend upon the 
particular case. Local excision, lobectomy 
In 


the patient with whom we are now con- 


and pneumonectomy are all possible. 


cerned, the multiplicity of the lesions, and 
their bilateral distribution, make opera- 
tion hazardous. The patient has been in- 
formed of the situation and does not wish 
surgery at this time. The possibility of 
operation is still being considered for some 
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future time. No attempts to depress the 
formation of red cells by Roentgen ray, 
radioactive phosphorus or other methods 
are contemplated, since their efficacy is 
Phleb- 


otomy for the relief of symptoms will be 


questioned and their risk is not. 


undertaken if there continues to be pro- 
gression of the polycythemia, headache, 
and so forth. 

Summary. A case of pulmonary heman- 
gioma is presented with a clinical picture 
sufficiently typical for a clinical diagnosis 
to be made. An examination of the sternal 
marrow, and a fluoroscopic study of the 
We be- 


lieve this to be the first time these pro- 


pulmonary lesions are reported. 


cedures have been done in a case of this 
nature. The changes in the lesions during 
a Valsalva experiment are of particular 
interest, being reported for the first time 

The literature on this subject is briefly 
summarized. The importance of thorougl 
Roentgen ray study in assessing the nature 
and extent of the lesion is emphasized. Itis 
stressed that this lesion should be carefull; 
sought for in obscure cases of polycy- 
themia, cyanosis, hemoptysis, murmurs, 0 
abnormal shadows on Roentgen ray, sinc 
surgical cure can be effected in a fair 
number of instances. A brief discussion 0! 
the differential diagnosis and complica 
tions of polycythemia is included. 
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EFFECT OF STREPTOMYCIN ON 


EXPERIMENTAL BRUCELLOSIS 


EFFECT OF STREPTOMYCIN ON EXPERIMENTAL BRUCELLOSIS 
IN GUINEA PIGS* 


By- I. 
F. G. 


LIvE 


SPERLING 


AND 


E 
4 
ae 
SCHOOL OF VETERINARY MEDICINE 


PHILADELPHIA, 


THERE is no known effective treatment 
of brucellosis. In discussing the use of sul- 
fonamides in veterinary practice, Stable- 
forth’ states that they have not been found 
f value in the treatment of Brucella 
ibortus infections, and according to our 
wh experience, the administration of sul- 
fapyridine* and sulfathiazole® to cows suf- 
with ineffective. 
Keefer* in reviewing recently the status of 
penicillin in the treatment of infections, 
sts Brucella among the microérganisms 
vhich are not susceptible to the action of 
this antibiotic substance. On the other 
substance 


fering brucellosis 


was 


and, streptomycin,’ a iso- 
ited from Actinomycetes griseus, has been 
found by Jones, Metzger, Schatz and 
Waksman? to protect chick embryos 
ainst infection with B. abortus. On the 
asis of these findings it was decided to 
avestigate the effect of streptomycin on 
xperimental infection of guinea pigs with 

abortus. 

EXPERIMENT 1. Eighty guinea pigs 
ere infected with B. abortus; 40 were then 
treated with streptomycin, and the others 
ed as controls. Each of the guinea pigs 
jected subcutaneously with 20,000 
tus as determined by plate counts 
represented at least 1000 infective 
ses because 2 guinea pigs injected at the 
ime time with a 1000-fold dilution of this 
neentration, e., 20 Brucella cells, were 
on cultures when autopsied 4 weeks 
ter. lhe culture used was an anaérobic 


tain of B. abortus which was originally 

* The 

® Bureau of Animal Industry, United States Department of Agriculture. 
ded through the courtesy of Merck & Co. 


L. STUBBS 


AND SCHOOL OF ANIMAL PATHOLOGY, 
PENNSYLVANIA 


UNIVERSITY OF PENNSYLVANIA, 
isolated from the milk of a naturally in- 
fected cow, and was subsequently passed 
through guinea pigs four times, thus en- 
hancing its virulence. Finally, the culture 
was lyophilized to preserve its virulence, 
and was subcultured 48 hours prior to 
infection of the animals. The weights of 
the guinea pigs before infection ranged 
between 350 and 500 gm., and they were 
weighed weekly following infection. 

Dosage. In treating tuberculosis in 
guinea pigs, Feldman and Hinshaw! found 
that the more purified the streptomycin 
the better it was tolerated by the animals, 
and they used daily doses ranging from 
1750 to 6000 units.t Throughout this 
experiment the treated guinea pigs re- 
ceived 5000 units daily divided into 5 
equal doses. Each dose of the material 
was dissolved in 1 ml. of sterile distilled 
water, and the injections were made sub- 
cutaneously at 3-hour intervals beginning 
at 9 a.M. and ending at 9 p.m. each day. 
Administration of streptomycin to 20 
guinea pigs was begun 3 hours after in- 
fection, and to 20 other guinea pigs 1 week 
after infection. 

Studies in Vitro. By keeping the number 
of B. abortus organisms constant (approx. 
10 million) and varying the concentration 
of streptomycin, it was found that 1.2 
units were required per ml. of tryptose 
agar or tryptose broth to inhibit com- 
pletely the growth of the organisms. In 
addition, this concentration of strepto- 
mycin in tryptose broth proved definitely 


» studies were supported by funds from the Pennsylvania Department of Agriculture and 


The streptomycin was 


t of streptomycin is that quantity of the antibiotic agent which inhibits the growth of a given 
scherichia coli in 1 ml. of nutrient broth or agar. 
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bactericidal because no growth was ob- 
tained when 0.5 ml. quantities of the 
broth-streptomycin-Brucella mixture were 
subcultured on pour plates after 18 hours 
incubation, while subcultures of the con- 
trols yielded an abundance of growth. 
Similar results were obtained with the use 
of a 100-fold dilution of the organisms 
(approx. 100,000), which would indicate 
that when a sufficient quantity of strepto- 
mycin was present in the culture medium, 
it killed a high as well as a low concentra- 
tion of Brucella organisms. Five strains of 
B. abortus, 3 aérobic and 2 anaérobic ones, 
were thus tested, and no appreciable dif- 
ference was noticed in the mode of strepto- 
mycin action upon them. 

Toxicity. The animals tolerated the 
streptomycin well, and no general or local 
toxic effects were noticed in connection 
with the administration of the material. 
There were some slight differences in the 
weight increase of the animals in the vari- 
ous groups at the end of 4 weeks; 7. e., the 
average gain in weight per guinea pig in 
the group treated for 27 days was 89.5 gm.; 
in the group treated for 20 days, 108.6 gm. ; 
and in the non-treated infected group, 
85.9 gm. Hemoglobin determinations on 
the blood prior to autopsy of the animals 
showed an average of 13.5 gm. of hemo- 
globin per 100 ml. of blood in the treated 
groups, and 13.6 gm. per 100 ml. of blood 
in the untreated infected controls. 

Results of Therapy. The administration 
of streptomycin was discontinued 27 days 
Thus, one group of 19 
guinea pigs (one animal died of intercur- 


after infection. 


rent disease), had been treated for 27 days 
and another group of 20 guinea pigs for 
20 days. Blood was obtained for agglutin- 
ative tests and hemoglobin determinations 
24 hours after cessation of treatment from 
9 guinea pigs which had been treated for 
27 days, from 10 guinea pigs which had 
been treated for 20 days and from 19 con- 
trols, and then these animals were killed 
and their tissues cultured. Eight days 
after therapy was discontinued, blood was 
obtained from the remaining animals, and 
then they were killed and their tissues cul- 


tured. In each instance one of the inguinal 
lymph glands and pieces of liver and spleen 
were cultured by rubbing the cut surface 
of each tissue over a separate tryptose agar 
plate, and the plates were incubated under 
10 per cent CO, tension for 5 days. One 
treated guinea pig and 3 controls died of 
intercurrent disease during the early part 
of the experiment, and are, therefore, not 
included in the discussion. Table 1 con- 
tains the results of the agglutinative tests 
and the culture findings of the animals 
killed 1 day after discontinuation of treat- 
ment. While the agglutinative titers of the 
controls ranged from 1:100 to 1:400, the 
sera of 12 of the treated animals were nega- 
tive in a 1:25 dilution. Furthermore, the 
control guinea pigs yielded Brucella on 
cultures in each instance, whereas 4 of the 
animals treated from the day of infection, 
and 4 in which treatment was begun one 
week after infection were negative on cul- 
tures. Six of the remaining treated guinea 
pigs yielded Brucella from 1 or 2 tissues 
only, and in 5 animals Brucella was iso- 
lated from all 3 tissues. However, the 
Brucella colonies isolated on culture plates 
from the treated animals were much fewer 
in number than in the case of the untreated 
controls. In Table 2, are presented the 
data on the animals killed 8 days after 
cessation of treatment. The blood sera of 
six of the guinea pigs treated from the da) 
of infection were negative in a 1:25 dilu- 
tion when tested against Brucella antigen. 
The tissues of 3 of these were negative on 
cultures, and 2 additional animals yielded 
only 1 and 2 
tively. All the guinea pigs in which treat- 
ment was begun 1 week after infection, 
and all the controls were positive to the 
agglutinative test and on cultures. 
EXPERIMENT 2. Since the quantities 0! 
streptomycin used in the first experiment, 
namely, 5000 units daily, did not produc 
visible toxic effects, another group of ani 
mals was subjected to treatment witl 
larger doses of this antibiotic substance. 
Ninety-three guinea pigs were each i0- 
jected subcutaneously with 2840 B. «bortw' 
of the same anaérobic strain as wes useé 
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EFFECT OF STREPTOMYCIN ON 
One week after 
was begun on 40 
guinea pigs, and the other 53 animals were 
left as controls. Throughout this experi- 
ment the treated guinea pigs received 
20,000 units of streptomycin daily divided 
into 6 equal doses, and the injections were 
subcutaneously at 3-hour intervals 
beginning at 9 a.m. and ending at 12 mid- 


night each day. 


in the first experiment. 


infection treatment 


made 
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No general toxic effects were 
noticed as a result of the injections of 
streptomycin. Toward the latter part of 
the experiment, however, thickening of the 
skin and subcutaneous tissue was observed 
in 6 animals in the region in which most of 
the injections were made, namely, the 
ventral side of the thorax and abdomen, 
and at autopsy these animals showed ad- 
hesions between the cutis and subcutis. 


Toxicity. 


TABLE 1.—RESULTS OF AGGLUTINATIVE TESTS AND CULTURE FINDINGS ON GUINEA Pigs 
AUTOPSIED ONE Day AFTER DISCONTINUATION OF TREATMENT 
Treated animals* Controls 
Culture Culture 
Agglutinative findings Guinea Agglutinative findings 
rreatment Length of titer at time — pig titer at time 

begun treatment of autopsy No. of autopsy 
( P 1:25 _ + 40 P 1:100 + —-+ 
Neg + — + 41 P 1:200 4 + + 
Neg ~ — 2 P 1:100 : + 4+ 
On of on 2. Neg — 43 P }: 200 + + + 
ir 27 days Neg. - 44 P 1:100 + 
P 1:50 + + ~ 45 P 1:200 “+ + + 
Neg - - ~ 46 P 1:200 } + + 
Neg. - 47 P 1:400 + 
P 1:50 + + + 48 P 1:200 + + + 
Neg. - - 49 + 1:200 4 + + 
Neg. ~ + 50 P 1:200 + + +- 
Neg. _— + 51 P 1:200 + + T 
P 1:50 + + P 1:400 4 + 
1 wk. after Neg. 53 1: 200 + + + 
infec n 7 ns P 1:50 + + + 54 P 1:400 + + a 
Neg. - - 55 P 1:200 + + + 
P 1:200 + + + 56 P 1:400 + + 
8 P 1:100 + + + 58 P 1:400 + 4 
Neg ~ _ 59 + 1:200 } + + 


inimal received 5000 units streptomycin daily divided into 5 equal doses which were injected subcutaneously 


ntervals between 9 a.m. and 9 P.M. 


native tests: Neg. = negative in 1:25 dilution; P = incomplete agglutination; + = complete aggluti- 
findings: I.L.G. = inguinal lymph gland; L = liver; S = spleen; + = positive; — = negative. 
ABLE 2.—RESULTS OF AGGLUTINATIVE TESTS AND CULTURE FINDINGS ON GUINEA Pics 


AUTOPSIED 8 Days AFTER DISCONTINUATION OF TREATMENT 


Treated animals* 


Culture 


Controls 


Culture 


Agglutinative findings Guinea Agglutinative findings 
rreatment Length of titer at time pig titer at time ~ 
begun treatment of autopsy ILL.G. L. No. of autopsy 
f Neg. ~ — +7 60 P 1:100 4 + + 
| P 1:25 + + + 61 P 1:800 + + 4 
P 1:50 + 62 P 1:200 + + 
2 Neg _ - +t 63 P 1:200 + + + 
On day of 27 da P 1:25 + + + 64 P 1:100 + + + 
infection P 1:25 + 4 65 P 1:400 + + + 
Neg + 4 67 P 1:200 + + + 
< Neg _ - - 68 P 1:200 + + + 
Neg - 69 P 1:50 4 + + 
Neg. 70 P 1:400 + + 
P 1:400 + + + 71 P 1:200 + + + 
P 1:50 + + + 73 P 1:200 + + + 
P 1:100 + + + 74 P 1:400 + + + 
P 1:100 “+ + +4 7h + 1:200 + + 4 
1 wk. after as P 1:100 + + + 76 P 1:400 + + 4 
infection ne i P 1:100 + + + 77 P 1:200 + + + 
6 + 1:800 + + + 78 P 1:100 + + + 
é P 1:100 + + + 79 P 1:400 + + + 
S P 1:50 + + + 
P 1:100 + > + 
oe nimal received 5000 units streptomycin daily divided into 5 equal doses which were injected subcutaneously 
, intervals between 9 a.m. and 9 P.M. 
1 colony present. 
‘ 2 colonies present. 
tinative tests: Neg. = negative in 1:25 dilution; P = incomplete agglutination; + = complete agglu- 


findings 


I.L.G. = inguinal lymph glands; L 


= liver; S = spleen; + = positive; — = negative. 
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Hemoglobin determinations on the blood 
prior to autopsy of the animals showed an 
average of 12.71 gm. of hemoglobin per 
100 ml. of blood in the treated groups, and 
13.27 gm. per 100 ml. of blood in the 
controls. 


LIVE, SPERLING, STUBBS: 


continued, at which time 35 treated guinea 
pigs and 29 controls were still alive. 
Twenty-four hours after cessation of treat- 
ment blood was obtained for agglutinative 
tests and hemoglobin determinations from 
17 treated animals and 11 controls, and 


TABLE 3.—ReEsuLTS OF AGGLUTINATIVE TESTS AND CULTURE FINDINGS ON GUINEA Pics 
Usep IN EXPERIMENT 2 
lreated animals* Controls 
Autopsied 

Guinea after cessa- Agglutinative Guinea Agglutinative 

pig Treatment Length of tion of titer at time Culture pig titer at time Cult 

No begun treatment treatment of autopsy findings No of autopsy findi 

81 Neg. 121 P 1:50 

82 Neg. 122 P 1:50 

83 Neg 124 Neg 

84 Neg. 127 P 1:100 

85 Neg. 128 P 1:100 

8b Neg. 12% P 1:200 

87 Neg 131 P 1:50 

88 1 day Neg. 134 P 1:100 

89 P 1:25 138 P 1:25 

90 Neg 139 P 1:50 

92 Neg 141 + 1:50 

93 Neg 

95 Neg 

96 Neg 

97 Neg 

Neg. 

99 Neg. 

100 1 wk. after 24 di Neg. 143 P 1:400 

LU] infection =o" Neg 146 P 1:400 

102 P 1:50 147 P 1:200 

104 8 days Neg. 148 P 1:400 

05 Neg 149 P 1:100 

106 P 1:50 1A] P 1:400 

107 Neg 153 P 1:400 

109 Neg 154 P 1.400 

110 Neg 156 P 1:100 

111 Neg 159 P 1:400 

112 Neg 160 P 1:400 

113 Neg 161 P 1:400 

114 Neg 16 P 1:200 

15 days Neg. 166 P 1:100 

117 Neg 168 P 1:100 

118 Neg 169 P 1:200 

119 Neg 172 P 1:200 

120 P 1:50 : 174 P 1:400 

* Each animal received 20,000 units streptomycin daily divided into 6 equal doses which were injected subcutaneuos 
at 3 hour intervals between 9 a.m. and 12 midnight. 

t Only 1 colony isolated from all 3 tissues. 

Agglutinative tests: Neg. = negative in 1:10 dilution; P incomplete agglutination; complete 
tination 
Culture findings: = negative; + = positive. 


Results of Therapy. A protracted cold 
spell during the early part of the experi- 
ment favored a respiratory disorder in 
most of the guinea pigs, which resulted in 
the death of 5 treated guinea pigs and 25 
controls. The fact that a much smaller 
percentage of treated guinea pigs suc- 
cumbed would lead one to suspect that 
the streptomycin might have helped to 
keep respiratory infections down in this 
group of animals. 

At the end of 24 days of treatment, 
which was 31 days after infection, the 
administration of streptomycin was dis- 


then they were killed and their tissues cul- 
tured. Eight days after discontinuation 
of therapy 10 more treated and 10 control 
guinea pigs were bled and their tissues 
cultured, and finally 15 days after cessa- 
tion of treatment the remaining 8 treated 
animals and 8 controls were bled and their 
tissues cultured. The technique for cul- 
turing the tissues at autopsy was the same 
as in Experiment 1. 

The results of this experiment are pre- 
sented in Table 3. Of the 17 treated guinea 
pigs sacrificed 1 day after cessation of 
treatment, 4 animals yielded B. abortis 00 
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EFFECT OF STREPTOMYCIN ON 
cultures, and only 1 of these had detectable 
agglutinins in a 1:25 dilution of the blood 
serum. In the group of 10 treated guinea 
pigs autopsied 8 days after discontinuation 
of therapy 2 animals were positive on cul- 
tures, and had slight agglutinative titers; 
in the group of 8 treated guinea pigs 
15 days after treatment was 
discontinued only 1 animal had a slight 


autopsied 


agglutinative titer and yielded B. abortus 
On the other hand, all the 
controls were positive and B. abortus was 


on cultures. 
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EXPERIMENTAL BRUCELLOSIS 271 
tinued. These findings assume additional 
significance in view of the fact that the 
treatment was not begun until 1 week 
after infection, by which time the organ- 
isms had ample time to multiply and dis- 
seminate throughout the body. The 2840 
Brucella cells injected into each animal 
represented at least 200 minimal infective 
doses because a guinea pig injected at the 
same time with 14 organisms, according to 
plate counts, was positive on cultures when 
autopsied 4 weeks after infection. 


fled with 


5000 units 


ted wilh 
/ 


000 units 
15 + 
104 
/ 
/ “A 
/ 
~ 
> 
re) T T T T 
| 2 3 4 § 6 
Tim e sn Hou rs 
Fic. 1.—Concentration of streptomycin in blood serum of guinea pigs after a single 
subcutaneous injection. 
isolated from all 3 tissues cultured. These Concentration of Streptomycin in the 
re would indicate that contrary tothe Blood Serum Following a Single Subcutan- 
findings in the first experiment the per- eous Dose. Two groups of 5 guinea pigs 
centage of treated animals which was posi- each were used to determine the concentra- 


) the agglutinative test and on cul- 
tures was not augmented with an increase 


in the interval after the time of cessation 
of treatment. Thus it would appear that 
+} 


ie ‘arger doses of streptomycin used in 


this experiment destroyed the Brucella 
org ms in most of the animals, and 
+} 


lelr tissues remained sterile when cul- 
tured 15 days after therapy was discon- 


tion of streptomycin in the blood serum 
following a single subcutaneous injection 
of the drug. In one group, each animal 
received 5000 units of streptomycin while 
in the other each animal was injected with 
1000 units of streptomycin. The animals 
were bled by cardiac puncture at hourly 
intervals for 6 hours, and the concentration 
of streptomycin in the blood sera was de- 
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termined by the plate cup method de- 
scribed by Stebbins and Robinson.’ As 
indicated in Figure 1 the average concen- 
tration of streptomycin in the blood sera 
of each group reached its peak after 1 hour, 
being 25 units per ce. of blood serum in the 
group injected with 5000 units, and 7 
units per cc. of blood serum in the group 
injected with 1000 units. Then the drug 
concentration decreased, and no strepto- 
mycin could be detected after 4 hours in 
the blood sera of the animals injected 
with 1000 units, and none could be de- 
tected after 6 hours in the blood sera of 
the animals injected with 5000 units. 
Summary. 
with 5000 units of streptomycin daily, 


Treatment of guinea pigs 


divided into 5 doses, had a definite bacteri- 
ostatic effect upon B. abortus. 

Four of 9 animals in which treat- 
ment was begun on the day of infection 
and continued for 27 days, and 4 of 10 
animals in which treatment was begun 1 
week after infection and continued for 20 
days, were negative on cultures when 
autopsied 1 day after cessation of treat- 
ment. Of the guinea pigs which were cul- 
tured 8 days after discontinuation of 
therapy, 3 animals from the group of 10 


EXPERIMENTAL BRUCELLOSIS 


in which treatment was begun on the da 
of infection were still negative while a 
the guinea pigs in which treatment w: 
begun 1 week after infection yielded 
B. abortus. 


Treatment of guinea pigs with 20,000 


units of streptomycin daily, divided into 
6 doses, seemed to eliminate the infection 
from most of the animals. The treatment 
was begun | week after infection, and was 
continued for 24 days. Of 17 animals 
autopsied 1 day after cessation of therapy, 
t were positive on cultures; of 10 animals 
autopsied 8 days after cessation of treat- 
ment, 2 were positive on cultures, and of 
8 guinea pigs autopsied 15 days after dis- 
continuation of therapy only 1 animal 
vielded Brucella on cultures. 

Following a single subcutaneous injec- 
tion of streptomycin, the blood serum 
levels are highest soon after injection of 
the drug. In guinea pigs injected with 
1000 units no detectable concentration of 
streptomycin was found in the blood 
serum after 4 hours, and in those injected 
with 5000 units no detectable concentra- 
tion of streptomycin was found in thi 


blood serum after 6 hours. 


REFERENCES 


1. FetpMAN, W. H., and Hinsnaw, H. C. 


2. Jones, I., Metzcer, H. J., A., and WaksMaN, S. A.: 
Am. J. Men. Sct., 210, 147, 1945. 


3. KEEFER, C. S.: 


4. Live, I., Stusss, E. L., and Garpiner, M. R. 3 
5. Live, I., Srusss, E. L., and Garpiner, M. R.: North Am. Vet., 24, 661, 1943 
and WakKsmMa\N, S. A.: 

7. STABLEFORTH, A. W.: Vet. Record, 57, 3, 1945. 


6. ScHatz, A., E., 


Proc. Staff. Meet. Mayo Clinic, 19, 593, 1944. 


Science, 100, 103, 1944. 
Am. J. Vet. Res., 4, 276, 1943. 


Proc. Soc. Exp. Biol. and Med., 55, 66, 1944 


8. STEBBINS, R. B., and Rosrnson, H. J.: Proc. Soc. Exp. Biol. and Med., 59, 255, 1945. 


JAGER, ALWAY: SODIUM SALICYLATE IN ACUTE RHEUMATIC FEVER 273 


THE TREATMENT OF ACUTE RHEUMATIC FEVER WITH LARGE DOSES 
OF SODIUM SALICYLATE 


WITH SPECIAL REFERENCE TO DOSE MANAGEMENT AND TOXIC 


MANIFESTATIONS* 
By B. V. Jacer, M.D. 
‘ AND 


R. Atway, M.D. 
SALT LAKE CITY, UTAH 


From the Departments of Medicine and Pediatrics, University of Utah School of Medicine) 


THE use of large doses of sodium salicy- lates, the observed clinical results were 
at- late in treating acute rheumatic fever has — excellent. 
received new impetus since the report of Material and Results. ApuL_t Group. 


Coburn‘ of the favorable results observed Our adult group consisted of 10 malés and 
with this form of therapy. Coburn has 8 females whose ages ranged from 16 to 46 
postulated that with sufficiently high years. Six were experiencing their first 
: plasma salicylate levels, the sterile rheu- attack of rheumatic fever, 3 others, their 
matic inflammatory process can be sup- second attack and the remaining 9 had 
pe pressed and subsequent permanent val- had at least 3 episodes prior to the present 
re vular heart damage can be prevented. one. In 11 ot the 18 patients, there was a 
z We have attempted to evaluate our re- history of an upper respiratory infection 
its with this method of treatment in 18 preceding the present illness. Thirteen 
ilts and 8 children with acute rheu- patients had swollen tender joints while 4 
matic fever. A variety of interesting others had arthralgia. Fever at the time 
tabolic and toxic reactions attributable of admission, was present in 16 cases. In 
alicylate medication, were observed in only 5 patients was there a family history 
patients. Seven persons with diseases of rheumatic fever. 
er than acute rheumatic fever were In 5 of the 6 cases with presumably 
given large doses of salicylates for many initial attacks of rheumatic fever, there 
eks to examine further the effects of this was evidence of cardiac involvement as 


drug. indicated by apical systolic murmurs in 3 
‘burn stated that for effective therapy cases, pericardial friction rubs in 2 cases, 
heumatic fever, the plasma salicylate and abnormal electrocardiographic find- 

level must be maintained above 350 wg. ings in 5 instances. All 12 patients with 

per ce. He has recommended 10 gm. of recurrent rheumatic attacks, had evidence 

im salicylate and 6 gm. of sodium of structural injury to the mitral valve or 

rbonate daily in divided doses for oral to both aortic and mitral valves. Other 

medication. During the first 2 weeks of manifestations of cardiac injury in the 12 

ment, he preferred to use intravenous patients included cardiac enlargement 

cation in the form on a single daily (8 cases), signs of mild cardiac failure (6 

on of 10 gm. of the drug or rarely cases), pericardial friction rubs (3 cases) 

2 in two separate infusions. Thedrug and abnormal electrocardiographic find- 
then administered orally. In his _ ings (9 cases). 


group of patients receiving intravenous Examination of the blood at the time 
anc subsequently oral medication as well of entry disclosed significant anemia (vol- 
the group receiving only oral salicy- ume of packed red cells 30 to 38 ec. %) 


led in part by grants from the Physicians’ Research Fund of the University of Utah School of 
e and the Fluid Research Fund of the Rockefeller Foundation 
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in 11 of the 18 cases. Leukocytosis was 
The corrected 
sedimentation rate (Wintrobe method) 
was greatly elevated in all but one patient 
in whom it was normal. 


present in 16 patients. 


In this case, 
however, the leukocyte count was 16,000 
per cmm. 

In 11 patients, therapy with large doses 
of salicylates was initiated within 1 to 14 
days after the onset of arthritis. In the 
other 7 patients, medication was not begun 
until 3 to 14 weeks after the onset of 
symptoms. In 12 patients, an intravenous 
infusion of 10 gm. of sodium salicylate was 
employed on the Ist day of therapy. In 5 
patients, this was continued for 3 to 14 
days and then oral medication was begun. 
In the other instances, the oral route was 
maintained throughout. In 17 patients, 
salicylate therapy was continued for 4 to 
14 weeks while in 1 patient, death occurred 
from heart failure on the 8th day of 
medication. 

During salicylate administration, clin- 
ical and laboratory evidences of rheumatic 
activity appeared to vanish in the 6 
patients with initial attacks and in 5 of 
the 12 adults with recurrent episodes. In 
other patients there was usually some im- 
provement but certain findings indicated 
that active infection persisted. 

In every one of the 18 patients, rapid 
symptomatic improvement occurred within 
a few days after therapy was begun. In 
no case was there fever after the end of 
the 2d week. The pulse rate where it was 
elevated at the time of admission, usually 
returned to a normal range by the end of.2 
weeks. Joint symptoms subsided within 
3 to 6 days and in no case did they recur 
during therapy. In 8 patients, there was a 
marked improvement in nutritional status 
during the period of hospitalization as evi- 
denced by a gain in weight ranging from 
8 to 20 pounds (3.6 to 9.1 kg.). Two 
patients developed beta-hemolytic strep- 
tococcal pharyngitis during treatment; 
nevertheless there was no apparent activa- 
tion of the rheumatic process. 

Pericardial friction rubs which were aud- 
il le in 5 of the cases at the time of admis- 


sion, disappeared in 4 cases within 4 day 

and in | case, only after 2 weeks of medica 
tion. A decrease in intensity of cardia 
murmurs was noted in the 3 patients wit! 
initial attacks in whom murmurs wer 
present. Of the 12 patients with recurrent 
attacks, all of whom had murmurs prior t 
therapy, a decrease in intensity of cardia 
murmurs during therapy occurred in onl) 
2 cases. An abnormal prolongation of the 
P—R interval was observed in 7 patients 
initially and developed during therapy i 
two additional patients. In 5 patients thi 
finding had disappeared within 30 day 

after beginning medication whereas it per- 
sisted in 4 patients during the entire period 
of treatment. In 4 additional patients 
there was inversion of T waves either in 
the first or second limb leads or in several 
precordial leads. This abnormality disap- 
peared in 3 instances during therapy but 
in 1 case with pancarditis, persisted during 
25 months of continued therapy during 
which high plasma salicylate levels wer 
maintained. 

Anemia, when present at the time of 
entry, disappeared in every instance dur- 
ing therapy. Leukocytosis observed in- 
itially in 17 patients, disappeared in 15 
cases within 2 weeks while in 2 other 
patients it persisted throughout treat- 
ment. The corrected sedimentation rate 
(Wintrobe method) which was elevated in 
17 patients, fell to normal in only 5 in- 
stances within 4 weeks after drug treat- 
ment was begun. 

In 1 patient with an initial attack and 
in 5 patients with recurrent attacks, evi- 
dence of active rheumatic infection re- 
turned within 5 days after discontinuing 
therapy which had been maintained for 
4 to 9 weeks. These patients, again, were 
given large doses of salicylates for a pro- 
longed period with apparent improvement 

The follow-up period on these 18 pa- 
tients has not been adequate to peri 
satisfactory evaluation of the results. One 
patient with an initial attack and 3 with 
recurrent attacks failed to return for study 
after leaving the hospital. One patient 
with recurrent rheumatic fever died on te 
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sth day of therapy. Another patient with 
recurrent acute rheumatic fever had an 
immediate recurrence of active infection 
ifter stopping salicylate medication on the 
59th day of treatment. This patient died 
of salicylate intoxication 38 days after 
herapy was resumed. 

The remaining 12 patients have been 
followed for periods of 2 to 20 months 
after termination of treatment. Nine have 
remained free from evidence of active in- 
fection. One additional patient in whom 
a good therapeutic response was obtained, 
developed another attack following a new 
respiratory infection which occurred 3 
months after stopping medication. In 2 
patients with recurrent rheumatic fever, 
both of whom had been given a second 
course of salicylate medication because of 
immediate recurrence following the first 
course, evidence of active rheumatic in- 
fection returned after the second course 
ind persisted for many months thereafter. 

The therapeutic response to large doses 

salicylates in two adult cases of active 

eumatic fever is described below. 


Case Histories. Case1. O.T., a white 
le, 23 years of age, entered the hospital 
th an initial rheumatic attack of 4 days 
ation. This was characterized by the 
lings of fever, pharyngitis, arthritis, 
mia, leukocytosis and an elevated sedi- 
tation rate. The only abnormal electro- 
liographic finding was an inverted T wave 
ead 4F. 
he patient received 7.2 gm. (0.11 gm. 
kg.) of sodium salicylate orally for 6 
days. The daily oral dose was then increased 
to 12 gm. (0.18 gm. per kg.) and main- 
dat this amount for 31 days. There was 
| improvement with disappearance of 
clinical evidence of rheumatic activity. A 
systolic murmur which was noted over the 
a of the heart during the second week of 
py, diminished in intensity during con- 
t | medication. An electrocardiogram 
t 3 weeks after initiation of treatment 
normal. The sedimentation rate and 
( cyte count returned to normal values 
n 3 weeks. The volume of packed 
re ells was 33.5 ec. % on admission 
6 weeks later had risen to 45 ec. %. 
rhis patient has been followed for 18 months 


and has remained symptom free. The apical 
systolic murmur is no longer audible. 

Case 2. B. K., a white female, 22 years of 
age, entered the hospital because of migra- 
tory arthritis of 3} months duration. There 
had been no previous attack. In the pre- 
ceding 10 weeks, she had been hospitalized 
elsewhere and had received sodium salicylate 
in variable doses, sulfonamides and finally 
2,000,000 units of penicillin. The patient 
had continued to have fever and swelling of 
joints and had had several episodes of severe 
precordial pain. 

At the time of admission to our hospital, 
the pertinent findings included fever, swollen 
tender joints and an increased sedimentation 
rate. An electrocardiogram showed sharply 
inverted T waves in the precordial Leads V, 
and V3». 

The patient’s oral salicylate dose was 
rapidly raised to 12.6 gm. (0.22 gm. per kg.) 
per day (Fig. 1, Case C). The plasma salicy- 
late level was maintained between 350 
and 450 ug. per cc. There was prompt 
symptomatic improvement. The sedimenta- 
tion rate fell to a normal value after 6 
weeks of treatment. The initial electrocar- 
diographic changes disappeared by the 32d 
hospital day. On the 49th day, the patient 
acquired mumps and the sedimentation rate 
again became elevated. Salicylate medica- 
tion was discontinued 5 days later. In the 
4 months subsequent to treatment, this 
patient has shown no clinical evidence of 
rheumatic activity. 

Clinical Material and Results. Pepi- 
ATRIC Group. Nine children, whose ages 
ranged from 9 to 15 years, received mas- 
sive salicylate medication. Five were con- 
sidered to be experiencing initial attacks. 
One of the 4 children with a history of 
previous rheumatic attacks, presented no 
clinical evidence of an active infection but 
was given large doses of salicylates in 
order to study the variations in plasma 
salicylate levels which may occur when 
constant dosage is maintained. 

Arthritic manifestations were present in 
4 of the 5 with initial attacks at the time 
salicylate therapy was instituted. All 5 
had tachycardia and two showed electro- 
-ardiographic changes compatible with 
myocardial involvement. Four of this 
group were found to have moderately loud 
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apical systolic murmurs. Fever was pres- 
ent in two at the time of admission. 

Two of the 3 patients with recurrent 
acute rheumatic attacks had joint symp- 
In addition, tachycardia and elec- 
trocardiographic changes were present but 


toms. 
there were no murmurs or evidence of 
cardiac enlargement. In the 3d case, there 
was evidence of aortic and mitral valvular 
insufficiency. Fever was observed in only 
1 of this group. 

Laboratory studies revealed an anemia 
in 2 cases (volume of packed red cells 
32 to 36 cc. %). Moderate leukocytosis 
was present in 4. The corrected sedimenta- 
tion rate (Wintrobe) was elevated in 8 
children with rheumatic activity. 

Massive salicylate therapy was started 
within 10 days after the onset of rheu- 
matic manifestations in 5 cases but rheu- 
matic symptoms had been present at least 
1 month in the remaining 3. Sodium 
salicylate was administered intravenously 
in doses of 0.10 to 0.33 gm. per kg. in 7 
cases and orally in the 8th in a total daily 
dose of 0.22 gm. per kg. Intravenous 
medication was discontinued after 1 to 4 
days and the same dosage was given orally 
in divided doses, every 4 hours day and 
night. With each oral salicylate dose, 
sodium bicarbonate in an amount ranging 
from 50 to 100% of the salicylate dose, 
was administered simultaneously. Enteric 
coated sodium salicylate tablets were not 
employed. 

Symptomatic relief was obtained within 
2 to 7 days. In 1 case the joint manifesta- 
tions recurred on the 7th day after discon- 
tinuation of medication. Cardiac murmurs 
of great intensity, which were initially 
present in 3 instances, persisted without 
regression throughout and subsequent to 
salicylate therapy. The slight or moderate 
murmurs disappeared in 3 patients in 
whom they were present. Cardiac enlarge- 
ment did not decrease in the 3 in whom it 
was demonstrated prior to the institution 
of salicylate therapy. Tachycardia per- 
sisted 7 to 10 days except in 1 patient in 
whom it persisted for many months. 

The anemia, which was present in 2 


SALICYLATE IN ACUTE 


RHEUMATIC FEVER 
patients at the time of entry, persist 
throughout the period of salicylate medic: 
tion. Leukocytosis continued in 2 an 
disappeared in 2 within 2 weeks after be 
ginning treatment. The erythrocyte sedi 
mentation rate returned to normal withi 
18 days in only 3 instances. In 2, it re 
mained elevated for 2 months after salic) 
late therapy was begun. 

There has been a period of 2 to 12 
months since the discontinuation of salicy- 
lates in these patients. One of the 5 
treated during an initial attack still has 
evidence of rheumatic activity and pre- 
sents clinical signs of mitral valvular in- 
sufficiency. The 3 patients with recurrent 
acute rheumatic attacks are making satis- 
factory physical progress and are appar- 
ently free from rheumatic activity. Thos 
without apparent rheumatic activity are 
being maintained on sulfanilamide pro- 
phylactically. 

The response to salicylate therapy in | 
child with acute rheumatic fever is pre- 
sented below in the form of a case abstract 


Case History. Case 9. J. F., a 14 year old 
white boy entered the hospital because of 
malaise and migratory polyarthritis of 9 
days duration. There was no past history 
of rheumatic episodes. Systolic murmurs 
were present over the apex and pulmonary 
area. There was swelling, redness and heat 
of the right knee. His blood showed a slight 
leukocytosis and an increased sedimentatio! 
rate. An electrocardiogram disclosed a pr 
longed P-R interval. There was no roent- 
genographic evidence of cardiac enlargement 

Sodium salicylate was administered intr 
venously for 2 days and then orally for 29 
days in doses ranging from 0.13 to 0.17 g! 
per kg. The plasma salicylate levels ranged 
from 330 to 412 ug. per ec. The sediment 
tion rate became normal by the 19th d 
while other evidences of active infection dis- 
appeared more rapidly. One week aft 
sodium salicylate was discontinued, th: 
was a recurrence of joint pain and swelli 
The sedimentation rate increased and the 
P—R interval became prolonged again. ‘ 
the 5th day after recurrence, salicylate 
therapy was resumed and maintained {or 
75 days. The plasma salicylate levels varied 
between 300 and 400 ug. per cc. The sym p- 
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toms rapidly subsided. The sedimentation 

ite returned to a normal range on the 27th 
lay. Six months later, the patient showed 
no evidence of rheumatic activity or of 
residual cardiac damage. He had made 
itisfactory physical progress, gaining 17 
inits on the Wetzel Grid” since his ad- 
mission to the hospital. He had continued 
n the B-1 channel. 


Salicylate Levels of the Plasma. In 19 
patients with acute rheumatic fever and 
in 6 patients with other diseases, 6 to 30 
plasma salicylate levels (average of 11 per 
person) were determined during the course 
of oral salicylate therapy. Other cases in 
which only a few levels were obtained, are 
not included in the discussion below. The 
plasma salicylate levels were determined 
iecording to a slight modification of the 
method of Brodie, Udenfriend and Co- 


TABLE 1 Factors INFLUENCING THE DatLty AMot 
MAINTAINING PLASMA SALICYLATE 
Number Cardiac 
Type of case studied failure 
(Adults with acute rheumatic fever 5 none 
\dults with acute rheumatic fever 3 none 
lults with acute rheumatic fever 5 yes 
lults with other diseases 6 none 
dren with acute rheumatic fever 6 none 


in.! The error with this method as 
idenced from many duplicate determi- 
tions and from recovery of known 
jounts of salicylate added to plasma, 
es not exceed 5%. All values are ex- 
essed in terms of plasma salicylic acid. 
With oral therapy, all drug was admin- 
ered at 4-hour intervals throughout the 
y and night. In 16 adults (10 with acute 
eumatic fever and 6 with other diseases), 
il medication consisted only of enteric 
ited sodium salicylate tablets. In 3 
er adults, equal amounts of sodium 
irbonate were administered simultane- 
ly with the enteric coated salicylate 
lets. In the 6 children, equal amounts 
sodium bicarbonate and non-enteric 
ted sodium salicylate tablets were em- 
yed. With each type of administration, 
was observed that individuals varied 
itly in the amount of drug which was 


necessary to maintain the plasma levels 
in the range of 300 to 400 ug. per cc. The 
range of dosage and the average dosage 
needed to obtain such levels with various 
forms of administration and in various 
groups is tabulated below (Table 1). The 
doses below (expressed in gm. per kg. of 
body weight) are the maximal doses 
needed in any given individual to obtain 
suitable levels. Often smaller doses pro- 
duce satisfactory levels early in therapy 
and subsequently the dosage must be in- 
creased if high plasma salicylate levels are 
to be maintained. 

The accompanying table clearly indi- 
cates that with both enteric coated-sodium 
salicylate tablets and non-enteric coated 
tablets, there is great individual variation 
in dose requirement to obtain high plasma 
salicylate levels. In adults who received 


NT OF ORAL SopriuM SALICYLATE NECESSARY FOR 
LEVELS ABOVE 350 wo. PER Cc. 


NaHCoOs (in 


Type of amounts equal Range of 
salicylate to salicylate dosage Average 
tablet dose) (gm./kg.) dosage 
enteric coated none 0.14-0.24 0.21 
enteric coated yes 0 26-0.30 0.29 
enteric coated none 0 06-0.28 0.16 
enteric coated none 0.11-0 15 0.12 
non-enteric coated yes 0.11-0.31 0.25 


only enteric coated sodium salicylate tab- 
lets, the average oral dose necessary to 
obtain high plasma salicylate levels ap- 
peared to be greater in the group with 
acute rheumatic fever without evidence of 
cardiac failure than in an equal number of 
patients in whom cardiac failure was pres- 
ent with the active infection. The small 
group of adults who received equal 
amounts of sodium bicarbonate with the 
enteric coated salicylate tablets, appeared 
to require slightly more salicylate than the 
group of patients with active infection but 
without cardiac failure, who received only 
the enteric coated tablets. Patients with- 
out rheumatic fever seemed to require less 
drug than those with this disease to obtain 
comparable plasma salicylate levels. The 
average oral dosage of salicylates in the 
children who received non-enteric coated 
sodium salicylate tablets and equal 
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amounts of sodium bicarbonate, did not 
differ markedly from the dose requirement 
in the adults with acute rheumatic fever 
who received enteric coated sodium salicy- 
late tablets. 

During oral administration of a constant 
dosage of sodium salicylate to patients 
with acute rheumatic fever, it is a frequent 
finding to observe a progressive rise in the 
plasma salicylate level during the first 2 
weeks of medication. After this time, the 
level tends to drop. In 18 of the 26 


SODIUM SALICYLATE IN 


ACUTE RHEUMATIC FEVER 
periods. This finding in the patients with 
acute rheumatic fever suggests that they 
develop an increased rate of excretion or 
destruction of the drug during prolonged 
therapy. Less than 0.3 gm. of salicylate 
was present in a single 24-hour stool speci- 
men of 2 adults who had been receiving 
18 gm. of enteric coated sodium salicylate 
daily. 

In spite of careful regulation of dosage, 
the plasma salicylate levels from day to 
day or week to week in a given individual 


WEEKS | 3 5 7 3 5 7 9 13 15 WEEKS 
/ 
6007 
SALICYLATE 
4007 
LEVEL 
200+ 
0] 
GM 
SALICYLATE 
105 
DOSE 
54 
Q 
G/CC] C 
4007 L400 
SALICYLATE 4 + 
LEVEL 
104 r 10 
SALICYLATE 5 
DOSE GM 0 
WEEKS I 13 WEEKS 
Fic. 1.—Relationship of plasma salicylate level to oral salicylate dosage in 4 patients. 


Note in Cases B, C and D, the apparent reduction in plasma salicylate level which occurred on con 
stant dosage and which necessitated increasing amounts of drug to maintain high plasma levels. Noteé 
also, the unexplained rises in plasma salicylate levels on constant dosage in Case A and in Case B (during 


second period of drug therapy). 


patients with acute rheumatic fever, it 
was necessary, after 2 or 3 weeks of medi- 
cation, to increase by 10 to 50% the 
original salicylate dosage in order to main- 
tain suitable levels (Fig. 1). In only 4 
instances did the level continue to rise 
after the first 2 weeks of therapy when 
dosage was constant and here it was 
necessary to reduce the dosage slightly. 
No similar decline in level after 2 weeks 
of therapy on constant dosage was noted 
in 5 adults without acute rheumatic fever 
who received oral medication for prolonged 


(both adults and children), often varied as 
much as 100 ug. per ce. on constant dosage 
This makes it difficult to maintain th 
plasma salicylate level above 350 ug. pet 
ce. at all times. If one strives to avoid thi: 
by maintaining an average plasma level o 
450 ug. per cc. one brings the patient un 
comfortably close to the toxic range. 

In 4 patients, a total of 5 or 6 determina 
tions of plasma salicylate were made a‘ 
3-hour intervals in a single day durin; 
continued oral therapy. The variation i 
plasma salicylate levels throughout th 


JAGER, ALWAY: SODIUM SALICYLATE IN ACUTE RHEUMATIC FEVER 279 


lay varied from 50 to 90 wg. per ce. and 
the levels in each instance were higher in 
the morning than in the evening. 

During oral salicylate therapy, while a 
constant dosage was being maintained, 2 
adults (receiving enteric coated salicylate 
tablets) and 2 children (receiving non- 
enteric coated tablets) developed unex- 
plained sudden increases in their plasma 
salicylate levels to values 200 to 300 yg. 
per cc. above previous levels (Fig. 1). The 
high levels were accompanied by toxic 
manifestations. The unexplained rise in 
level could not be attributed to significant 
variation in fluid intake or output in these 
patients. 

Our experience with plasma salicylate 
levels attainable after intravenous medica- 
tion is limited. In 3 adults who received 
10 gm. of sodium salicylate intravenously, 
the plasma salicylate levels at the end of 
the infusion ranged from 400 to 600 xg. 
per cc. and 18 hours later they had fallen 
to levels varying from 250 to 350 wg. In 
} patients with mild cardiac failure and 
n 2 patients without cardiac failure, 5 or 6 
plasma salicylate levels were obtained at 
ipproximately 3-hour intervals over the 
period ranging from 1 to 18 hours after 

ompleting a single infusion. The rate of 
decline of levels after terminating the in- 

ision was considerably slower in the 3 

itients with cardiac failure than in the 2 

ithout failure. In 1 patient who received 

ngle daily intravenous infusions of 15 gm. 
f sodium salicylate over a 3-hour period, 
ie volume of the infusion was maintained 
t 500 ce. for 1 week and at 1500 ce. for 
e next week while the time for the in- 
sion was constant. The plasma salicy- 
te levels which were determined daily, 
Ss hours after the previous infusion 
inged from 400 to 540 wg. per cc. The 
served fluctuations were not related to 

e volume of the infusion. 

Salicylate Toxicity. A number of symp- 

ms of salicylate toxicity have been ob- 

rved in a total of 38 patients who have 
ceived large doses of this drug. This 
ludes 27 patients with active rheumatic 
er and 11 with other diseases. Therapy 


was maintained for 4 to 16 weeks in 30 
patients and a shorter period in the re- 
maining 8. The plasma salicylate level 
was determined at least once during each 
week of salicylate medication and usually 
2 to 3 times a week. 

In general, the severity of the toxic 
symptoms in a given individual was 
greater when the plasma salicylate level 
was high. No serious intoxication ap- 
peared in any patient whose plasma salicy- 
late level was less than 400 yg. per cc. and 
often patients tolerated levels above 500 
ug. for prolonged periods without diffi- 
culty. The highest plasma salicylate val- 
ues ranged from 600 to 800 ug. per cc. in 
6 cases, from 400 to 600 in 9 cases and 
from 200 to 400 in 13 cases. 

Tinnitus which was usually accom- 
panied by slight to moderate reduction in 
hearing was experienced by 34 of the 38 
patients receiving salicylate therapy. In 
some instances, tinnitus did not appear 
until the plasma salicylate level exceeded 
500 ug. per cc. whereas in others, it was 
noted when the plasma levels were below 
200. Usually the severity of tinnitus in a 
given patient increased with rising plasma 
salicylate levels. Deafness to a noticeable 
degree, which was present in only 5 pa- 
tients, invariably disappeared within 2 to 3 
days after medication was stopped while 
tinnitus often persisted several days 
longer. 

In 2 adults receiving oral salicylate med- 
ication, audiometer studies were made 
weekly during therapy and daily for the 
first 4 days after its discontinuance. The 
plasma salicylate levels in these individuals 
varied from 220 to 440 and 300 to 550 yg. 
per cc., respectively, during these studies. 
Reduction in hearing by air conduction 
below pretreatment values ranged from 20 
to 35%. The more marked instances of 
loss of hearing seemed to occur when the 
plasma salicylate levels were highest. Fol- 
lowing termination of medication, there 
was complete recovery of hearing in each 
patient in 3 to 4 days. 

Nausea and vomiting which occurred in 
25 of the patients receiving salicylate med- 
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ication, usually appeared early in therapy 
and later disappeared even though the 
salicylate dosage was subsequently in- 
creased and the plasma levels became 
higher. With very high plasma salicylate 
levels (above 500 ug. per cc.) nausea and 


vomiting were observed in 7 patients and 
disappeared when the dosage was reduced. 
These symptoms were likely to occur 
toward the end of the period of infusion in 
patients receiving intravenous medication. 

During the course of prolonged salicy- 
late therapy, an acne-form eruption ap- 
peared in 6 adult females and in 2 adult 
males. This usually became manifest dur- 
ing the 2d week and often persisted, al- 
though in one instance it disappeared dur- 
ing continued therapy. 

Urinary changes during salicylate med- 
ication were infrequent. There was slight 
transient albuminuria in 4 of the 27 adults 
and one in the 11 children. In one severely 
intoxicated patient, albumin, red blood 
cells and granular casts appeared in the 
urine. It should be emphasized, however, 
that in at least 5 other patients with 
severe no albuminuria 
curred. Qualitative Benedict’s tests on the 


intoxication, oc- 
urines frequently gave a trace to one plus 
reduction. In 4 adults and in 3 children, 
all of whom had plasma salicylate levels 
ranging from 400 to 600 ug. per cc., there 
was acetonuria lasting from 4 days to 3 
weeks. 


accompanied by a reduction in the plasma 


In all patients, acetonuria was 


carbon dioxide combining power. 

Hyperventilation was observed during 
salicylate therapy in 22 of the 27 adults 
and in at least 5 of the 11 children. It 
usually did not appear until the plasma 
salicylate level was above 400 pe. per cc. 
It was observed frequently in the period 
immediately following an intravenous in- 
fusion. 

In all patients, careful search for a 
hemorrhagic tendency was made. In 14 
patients, plasma prothrombin times were 
determined at least once a week and some- 
times daily. The method of Quick” was 
It has been reported that sodium 
salicylate and other salicvlate derivatives 


used. 


SALICYLATE IN ACUTE 


RHEUMATIC FEVER 

Wi 
this change in 
This will 
be reported in detail elsewhere? It de- 
serves mention, however, that in spite of 


lengthen the prothrombin 


likewise have observed 


patients receiving salicylates. 


significant prolongation of the prothrom- 
bin time, hemorrhagic manifestations were 
observed in only one instance. This case 
was summarized below. In one patient ot 
5in whom frequent tourniquet tests (Rum- 
pel-Leede) were made during therapy, the 
test became positive for 4 days and then 
again became negative in spite of con- 
tinued with 
maintenance of high plasma levels. In the 
other patients, 


salicvlate administration 
the tourniquet test was 
negative. 

No evidence of marked liver damage 
could be demonstrated in any patient dur- 
ing salicylate therapy. The icterus index, 
which was determined many times in each 
case, did not become elevated. The brom- 
sulphalein test performed in 3 patients and 
the hippuric acid test in 1 patient during 
salicylate therapy, gave normal results. 
However, the cephalin flocculation test be- 
came positive in the 6 adults in whom this 
test was performed during therapy. These 
patients had plasma salicylate levels above 
100 ue. 
sodium salicylate to serum from normal 


per ce. The in vitro addition of 
controls, failed to give a positive test. 
Evidence of central nervous system dis- 
turbance was observed in a few patients, 
all of whom had plasma salicylate levels 
above 500 ug. per cc. This included hal- 
lucinations (5 cases), mental confusion (3 
cases), vertigo (5 cases), diplopia (2 cases), 
“‘pounding of the head” (1 
tremor of hands (1 


case), Coarse 
coma (6 
cases). Drowsiness and moderate euphoria 


were 


case) and 
high 
plasma levels but were difficult to appraise 

Random determinations of plasma car- 


common manifestations at 


bon dioxide combining power in 17 pa- 
tients, demonstrated reductions to values 
ranging from 28 to 45 volumes % in 14 
cases. No significant reduction occurred i! 
any patient whose plasma salicylate level 
was below 400 ug. per cc. and the greatest 
reductions in the same patient and in the 
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ntire group: correlated roughly with the 
iighest plasma salicylate values. The pH 
of venous blood (glass electrode method) 
performed in 2 patients with high plasma 
alicylate levels with reductions of their 
plasma carbon dioxide combining power 
below 40 volumes % but without aceto- 
nuria, were found to be normal. 

A small number of determinations of 
blood urea nitrogen, plasma creatinine and 
plasma chloride revealed occasional slight 
rises which were inconstant in the same 
ndividual during therapy and inconstant 
for the group. 

The corrected sedimentation rate 
howed surprising variation in its behav- 
our during massive salicylate therapy. In 
the adult group, the sedimentation rate 
returned to normal values in only 11 of 
the 18 patients with rheumatic fever after 
prolonged therapy, while in the 8 children, 
t ultimately returned to a normal range in 
every instance. In both adults and chil- 
dren it often took 5 to 8 weeks of con- 
tinued medication before any significant 
eduction in the sedimentation rate was 
observed. More striking was the observa- 
tion that, in the first 2 to 4 weeks after 

tituting salicylate medication, an in- 
rease in the sedimentation rate above the 

etreatment levels occurred in approxi- 
itely two-thirds of the patients. This 

e was often marked and persisted usually 

than 2 weeks but occasionally the sedi- 
ntation rate remained higher than the 

treatment levels for as long as 4 to 5 

ks of continued therapy. In 2 adults, 

s elevation persisted during many weeks 

therapy and promptly fell to normal 

n therapy was stopped. Moreover in 
instances where the sedimentation rate 
during the early period of therapy, it 
n afforded a striking contrast to the 
cocyte count and other evidences of 
ve rheumatic infection which were 
inishing at this time. This suggested 
possibility that the medication itself, 
ht be influencing the sedimentation 
ru ec. In 4 of 5 adults with diseases other 
1 rheumatic fever, a rise in the sedi- 
tation rate likewise occurred after in- 


I 


itiating salicylate therapy and, in 2 in- 
stances, return to pretreatment levels did 
not occur until therapy was discontinued. 

If anemia be excluded, an elevation of 
the plasma fibrinogen is the most signifi- 
cant factor in producing an elevated sedi- 
mentation rate.®** An increase in plasma 
globulin or lipid may also produce eleva- 
tion of the sedimentation rate.®® Other 
investigators®:® have demonstrated the cor- 
relation between plasma fibrinogen level 
and corrected sedimentation rate in cases 
of acute rheumatic fever. One of us (V. J., 
in conjunction with F. W. Clausen) has 
made multiple fibrinogen determinations 
in 5 adults with acute rheumatic fever 
prior to, during and following the course 
of salicylate therapy (Figs. 2 and 3). 
While there was no linear correlation, in 
every instance where the sedimentation 
rate (corrected or uncorrected for anemia) 
was increased, the plasma fibrinogen was 
elevated. Elsewhere one of us* has re- 
ported a similar rise in plasma fibrinogen 
and in sedimentation rates in control sub- 
jects with initially normal sedimentation 
rates and in rabbits that were receiving 
massive salicylate therapy. In many in- 
stances, the sedimentation rate and the 
plasma fibrinogen ultimately fall to normal 
values after the initial increase in spite of 
continued therapy and maintained high 
plasma salicylate levels. 

Following discontinuation of therapy, 
a moderate increase in the sedimentation 
rate was observed in approximately half of 
the patients with rheumatic fever in whom 
the values had been normal prior to the 
discontinuance of medication. This rise 
usually appeared within 3 to 4 days, per- 
sisted 1 to 4 weeks and seldom was at- 
tended by other evidence of active infec- 
tion. A similar type of response was noted 
after stopping treatment in cases of rheu- 
matic fever by Ernstene® who used small 
doses of salicylates and by Coburn* who 
used massive doses. 

The possibility that there is an increase 
in plasma volume during salicylate therapy 
was afforded by the finding of a marked 
drop in the volume of packed red cells 
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which occurred in 13 of 18 adults and in 
2 of 9 children during treatment. This 
drop which ranged from 3 to 8% of the 
total packed cell volume, usually appeared 
within the first few days of treatment. 
With continued therapy, the hematocrit 
reading often returned to its original level 
or if anemia had been present, rose above 
the original value. In those patients 
exhibiting severe salicylate intoxication, a 
further drop in the volume of packed red 


SALICYLATE 


IN ACUTE RHEUMATIC FEVER 

Case Histories. C. 8. A 41 year old white 
who had had repeated admissions to the 
hospital because of recurrent rheumatic at- 
tacks, pulmonary infections and mild con- 
gestive heart failure, was readmitted because 
of tender swollen joints of 10 days duration 
On examination, the patient was found t 
have acute polyarthritis, mitral stenosis and 
insufficiency, auricular fibrillation and mild 
cardiac decompensation. There was moder 
ate leukocytosis and an elevated sedimenta 
tion rate. 
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Changes observed in plasma fibrinogen, leukocyte count, sedimentation rate and hematoct 


reading in 2 patients receiving large doses of sodium salicylate orally. 


In Case D. F., 


observe the rise in fibrinogen and the rapid disappearance of anemia and leukocytos 


during the first 6 weeks of therapy. In Case H. M., note again the initial increase in plasma fibrinog: 
with a subsequent decrease as well as the changes in the sedimentation rate and hematocrit reading 


cells occurred at such a time. Preliminary 
measurements by a dye method in several 
rabbits and in several persons receiving 
salicylate therapy also indicate that there 
is an increase in plasma volume during 
salicylate administration. Obviously, an 
increased plasma volume would be an un- 
favorable complication in a person with 
impaired cardiac function. 

The salient features of 2 cases exhib- 
iting severe salicylate 
presented below. 


intoxication are 


The patient was digitalized and salicylat 
medication was begun (Fig. 1, Case B). Fi 
71 consecutive days, he received equal quan- 
tities of sodium bicarbonate and sodiu 
salicylate in maximal daily oral dosage 
18 gm. (0.29 gm. per kg.) of each. The 
was symptomatic improvement. Howev 
on the 71st day, he suddenly developed p 
monary edema. Salicylate medication w 
discontinued for 1 week and then resume 
The day following cessation of medicati« 
the joints again became swollen and tend: 
With renewed therapy, he received first » 


| 
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0.14 gm. per kg.) and later 14.4 gm. (0.23 
em. per kg.) of sodium salicylate daily with- 
uit added sodium bicarbonate. The plasma 
salicylate level 21 days after resumption of 
therapy was 432 ug. per cc. The volume of 
packed red cells was 46 cc. % at this time. 
Six days later, with the same dosage, the 
salicylate level of the plasma was found to 
be 812 ug. per ec. The patient was comatose 
and there was severe pulmonary congestion. 
VMedication was discontinued. The previous 


104.4° F. Clinically there was no evidence 
of a hemorrhagic tendency. Death appeared 
to have resulted from pulmonary edema. 
Autopsy. Petechial hemorrhages were 
present in the epicardium and in the serosa 
of the small intestine. The brain appeared 
edematous and, on cut section, numerous 
petechial hemorrhages were present in the 
white substance. The heart was enlarged, 
weighing 700 gm. There was marked eal- 
cific stenosis of the mitral valve. Histo- 
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}.—Changes observed in plasma fibrinogen, leukocyte count, sedimentation rate and hematocrit 
in 2 patients receiving large doses of sodium salicylate orally. 


Case D. A., note the changes in plasma fibrinogen and sedimentation rate during salicylate therapy. 
In Case M. B., observe the rise in plasma fibrinogen which occurred with readministration of the drug. 


e also the fluctuations in plasma level as compared to variations in drug dosage. 


, the patient had been drowsy, had been 
erventilating and had complained of 
re tinnitus and blurring of vision. With 
high plasma salicylate level, the volume 
acked red cells fell to 35 ec. % and the 
ma prothrombin time became greatly 
mged. In spite of all supportive meas- 
, the patient died 18 hours later. During 
terminal period of coma, there was per- 
nt marked cyanosis which was not re- 
d by the intratracheal administration of 

‘n. Terminally the temperature rose to 


logically the heart muscle contained many 
small foci of lymphocytes and histiocytes 
without characteristic Aschoff bodies. The 
lungs were congested and edematous. One 
small subpleural infarct was present. No 
significant gross or histologic abnormalities 
were observed in the aorta, kidneys, spleen, 
liver, adrenals, pancreas or striated muscle. 


ComMMENT. The petechial hemorrhages 
demonstrated in the brain, could have 
resulted from the prolonged period of 


5 
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anoxia. A hemorrhagic diathesis, if it 
existed, was scarcely a significant factor in 
the fatal outcome. Death appeared to 
have resulted from pulmonary edema. 


Case History. T. B. A 39 year old male 
moron with secondary syphilis was given 
sodium salicylate intravenously for 3 con- 
secutive days to determine the effect of this 
drug on the prothrombin level. Prior to 
medication he was asymptomatic. On the 
first day he received 20 gm. of this drug 
(0.38 gm. per kg.) in 1000 cc. of saline. 
There was nausea and tinnitus following the 
injection. The next day (18 hours later) the 
plasma salicylate level was 336 ug. per ce. 
He was now given 15 gm. (0.29 gm. per kg.) 
of the drug. Nausea, vomiting and deafness 
appeared immediately after this injection 
and persisted for several hours. The 3d day, 
the plasma salicylate level prior to injection 
was 616 ug. per cc. He was 
(0.19 gm. per kg.) of sodium salicylate. A 
few hours later he became delirious, de- 
veloped marked dyspnea and bleeding from 
the nose and gums. He vomited frequently. 
The following morning, 18 hours after the 
last of the 3 injections, the plasma salicylate 
level was 564 wg. per cc. 


given 10 gm. 


The patient was 
now comatose, dyspneic and cyanotic. There 
was pulsus alternans. Loud rhonchi were 
present in the chest. The 2d day after 
termination of medication, the patient was 
still stuporous and moderately cyanotic. The 
plasma salicylate level on this day was 318 
ug. per cc. Bleeding from the nose and gums 
had ceased. The following day, he was less 
stuporous but was irrational and the speech 
was. slurred. On the 4th day after the last 
salicylate injection, slight cyanosis was still 
present. Speech continued to be slurred. 
There were visual hallucinations. An incon- 
stant divergent strabismus was noted. The 
patient recovered completely in the 2 sub- 
sequent days. 

During the salicylate intoxication, inter- 
esting laboratory changes were observed. 
The volume of packed red cells, initially 
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42 ec. %, fell to 34 ec. % following the third 
injection and did not rise appreciably over 
5 subsequent days and did not attain its 
original level for 3 more days. There was 
no rise in the icterus index. The prothrombin 
content of the plasma fell to 20% of the 
normal value on the 3d day of medication 
The patient received 60 mg. of vitamin K 
intravenously at this time and 24 hours 
later, the prothrombin time was normal 
The day following the last dose of salicylate 
the carbon dioxide combining power of the 
plasma was 28 volumes % and 5 days later, 
it had returned to a normal value. At the 
peak of intoxication, the urine contained 
acetone, albumin and many granular casts 
These changes disappeared during the 4 sub- 
sequent days. An electrocardiogram prior to 
therapy was normal. One taken 2 days after 
termination of medication showed depres 
sion of ST segments and lowering of T waves 
in the 3 standard limb leads. Serial pre- 
cordial leads showed flattening and partial 
inversion of T A tracing on the fol- 
lowing day showed similar changes. How 
ever, the QT interval was now prolonged 
being 0.52 second with a cardiac rate of 65 
The expected QT for this rate is 0.35 to 0.45 
second. Two days later, the QT interval was 
0.42 second, the rate was 75 and T waves 1 
the standard limb leads were flat. <A few 
days later there were no electrocardiographi: 
abnormalities. 


waves. 


Conclusions. Treatment with larg: 
doses of salicylates appeared to be effec 
tive in the 5 patients with initial attack 
and in 4 of the 7 patients with recurrent 
attacks who could be followed for shor 
periods after medication had been stoppec 
It is probable that the results would no 
appear so favorable if every patient coul: 
have been followed. Several of those wl 
did not return for examination, had e\ 
dence suggestive of persistent rheumat 
activity at the time of discharge fro 
the hospital. 
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EFFECT OF SODIUM BICARBONATE ON THE THERAPEUTIC EFFECTIVENESS 
OF SULFADIAZINE IN MICE 


By ArTHUR KORNBERG 


BETHESDA, 


MARYLAND 


(From the Division of Physiology, National Institute of Health, United States Public Health Servic 


ADMINISTRATION of sodium bicarbonate 
to rats fed sulfadiazine-containing diets 
has been shown to result in a marked de- 
pression of the sulfadiazine blood level.* 
Clinical studies!® have also indicated some 
depression of blood level and increased 
urinary excretion of sulfadiazine after the 
oral administration of sodium bicarbonate. 
Since sodium bicarbonate has been shown 
to be effective clinically*®*® and experi- 
mentally’:* in the prevention or correction 
of sulfadiazine-induced renal lesions, it be- 
came of interest to determine how sodium 
bicarbonate might affect the therapeutic 
activity of sulfadiazine. 


Experimental. Purified diets were pre- 
pared in which sulfadiazine (0.1 to 0.5%) or 
sodium bicarbonate (0.3 to 4%) and sulfadi- 
azine replaced equal weights of sucrose in 
the basal diet.* Female albino mice (N.I.H. 
strain) raised on Purina chow and weighing 
17 to 22 gm. were fed one of the experimental 
diets. Groups of approximately 20 mice 
were used and 5 or more groups were com- 
pared in each experiment. The test organism 
was a virulent strain of Type 1 pneumococ- 
cus. When passed through mice every week 
or more often, this strain has maintained a 
virulence such that 0.5 cc. of a 6-hour culture 
in dextrose, veal-infusion broth at a dilution 
of 10~* is uniformly lethal to mice when in- 
oculated intraperitoneally. After the mice 
had been fed one of the experimental diets 
for 5 days, they were inoculated intraperi- 
toneally with a 0.5 cc. of a 10~* dilution of 
the culture containing approximately 500 
organisms.7 Inoculations were made in rota- 
tion, taking 1 mouse from each group under 


test. The mice were observed for a period « 
2 weeks. 

The data in Figure 1 indicate the mortalit) 
of mice fed diets containing varying amounts 
of sulfadiazine with and without sodium 
bicarbonate. The mortality was signifi 
cantly greater among mice fed the diets con 
taining 4% sodium bicarbonate. Thus the 
mortality was only 6% when mice were fed 
a 0.4% sulfadiazine-containing diet without 
sodium bicarbonate while it was 48°% when 
sodium bicarbonate (4%) was incorporated 
in the diet. When administered in smaller 
amounts, the effects of sodium bicarbonaté 
were less marked. 

In order to determine the mechanism of 
action of sodium bicarbonate in increasing 
mortality, determinations were made of sul- 
fadiazine intake (as calculated from food 
intake), absorption and blood concentratior 
Mice were fed a 0.3% sulfadiazine-containing 
diet (No. 1020) or a diet (No. 1032) contain- 
ing 0.3% sulfadiazine and 4% sodium bicar- 
bonate. Each diet was fed to 36 mice divided 
into 12 groups (cages) of 3. The average, 
daily food intake determined over a 4-da\ 
period was 7.8 gm. (range: 5.5 to 9.9) per 
3 mice on diet No. 1020 and was also 7.8 gn 
(range: 5 to 11.6) per 3 mice on diet Ni 
1032. Determination of the sulfadiazine con- 
tent of feces collected during the 4 day period 
indicated that an average of 2.1% (rang 
1.3 to 2.5) of the ingested sulfadiazine was un- 
absorbed in mice fed diet No. 1020 and 2.3 
(range: 1 to 4) in mice fed diet No. 103: 
Blood concentrations of sulfadiazine (free 
were determined by the Bratton and Ma 
shall method? on blood samples obtained | 
decapitation and pooled for each group of 3 
mice. As indicated in Figure 1, the avera 


* The basal diet (No. 1029) consisted of casein (Smaco) 18%, Crisco 8%, salt mixture No. 5 
4%, corn oil (containing 8000 units of vitamin A and 800 units of vitamin D [Natola] per gram) 2 
ethyl laurate (containing 100 mg. of a-tocopherol per gram) 0.12%, and cerelose 67.88%. Into 100 
of this diet were incorporated 1 mg. of thiamine hydrochloride, 1 mg. of pyridoxine hydrochlori 
4 mg. of calcium pantothenate, 2 mg. of niacin, 200 mg. of choline chloride, 0.001 mg. of biotin 


0.4 mg. of 2-methyl-1,4-naphthoquinone. 


+ We are indebted to Dr. Josephine M. Junge for providing the bacterial cultures used in the 


studies 


t Determination of ‘‘total’’ sulfadiazine revealed only traces or no detectable amounts of “cor 


gated’”’ sulfadiazine 
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od 


o (range: 


sulfadiazine concentration was 13.2 
10.3 to 17.3) for mice fed the 
, sulfadiazine-containing diet (No. 1020) 
ind 7.1 mg. (range: 6 to 8.5) for mice fed 
the 0.3% sulfadiazine, 4°% sodium bicarbon- 
ite-containing diet (No. 1032). The average 

od sulfadiazine concentration for 5 groups 

3 mice fed diet No. 1064 containing 0.5% 

ilfadiazine and 4°; sodium bicarbonate was 
9.2 to 12). 


10.7 mg. ‘ range: 


BICARBONATE ON SULFADIAZINE 2ST 
the result of increased renal clearance of 
sulfadiazine in the presence of sodium 
bicarbonate. 

Of interest in relation to the present 
findings are the studies of Marshall and 
Litchfield,? and Rosenthal." The former® 
found that sulfanilamide was more toxic 
to fasting mice than to fed mice and that 
this difference was related to the blood 
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ithout sodium bicarbonate. 


liazine concentrations (see text). 


iscussion. The inclusion of sodium bi- 
onate in the diet has been found to 
ur the therapeutic effectiveness of sul- 
zine in mice. This sodium bicarbon- 
effect was not associated with any 
ase in the intake or absorption of 
diazine but rather appeared to be re- 
| to a reduction of the blood concen- 
on of sulfadiazine. The work of 
r et al., and Earle* suggests that the 
ssion of sulfadiazine blood levels is 


Mortality of mice inoculated with pneumococci and fed sulfadiazine-containing diets with 
The number at each point in the figure indicates the number of 
ised to determine the % mortality at that point. 


The numbers in parentheses indicate blood 


sulfanilamide concentrations. Rosenthal" 
showed that sulfanilamide was therapeu- 
tically more effective in mice on a low 
protein diet than in mice fed diets of 
higher protein content. Higher blood sul- 
fanilamide concentrations were observed 
in the mice fed the low protein diet. 

It is important to note that although 
sodium bicarbonate at dietary levels under 
2% seemed to impair sulfadiazine thera- 
peutic action, the most significant effects 
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were obtained with a level of 4% in the 
diet. This level of sodium bicarbonate rep- 
resents approximately 10 times the weight 
of sulfadiazine when fed at a therapeu- 
tically effective level. For clinical use, 
Gilligan et al. have recommended a sodium 
bicarbonate dose for adults of 18 gm. daily 
or approximately 3 times the weight of the 
usually accepted dose of sulfadiazine. 
Clinical studies*®© and experimental 
work’:® have indicated the effectiveness of 
sodium bicarbonate in the prevention or 
correction of sulfadiazine renal lesions. We 
were able to show in rats® that severe renal 
lesions could be uniformly produced by 
the diet. 


These severe lesions were regularly pre- 


sulfadiazine at a 1% level in 


vented by sodium bicarbonate even when 


SODIUM B 


> 
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sulfadiazine to 4%. It would appear dé 
sirable to use sodium bicarbonate for the 
prevention of renal lesions but to give clos 
attention to the maintenance of therapeu 
tically effective blood levels of sulfadiazin: 
during the administration of sodium bicar 
bonate. 

Summary. Sodium bicarbonate in larg 
amounts markedly depressed the blood 
concentrations and the therapeutic effec 
tiveness of sulfadiazine in mice inoculate: 
with pneumococci. These effects could bi 
overcome by raising the dosage of sulfa- 
diazine. 

It is suggested that sodium bicarbonat« 
be used to prevent renal lesions and that 
the mainte 


close attention be given to 


high blood sulfadiazine concentrations re- nance of therapeutically effective blood 
sulted from raising the dietary level of levels of sulfadiazine. 
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PENICILLIN IN ACUTE NEPHRITIS IN CHILDREN 


By SuUSANTA SEN, 
M.A., B.Cu., M.D. (Cantas.), F.R.C.S. (Epiy.), M.R.C.P. (Lonp.) 


PHYSICIAN—-IN-CHARGE, 


IRWIN HOSPITAL 


NEW DELHI, INDIA 


FOLLOWING the experiments and re- 
search which have shown the antibacterial 
action of penicillin against a wide variety 
of pathogenic organisms, its use has now 
been extended to include a large number 
of different clinical diseases in man. 

\cute nephritis is, in the majority of 
cases, secondary to some infective process. 
It has already been suggested that penicil- 
lin therapy is theoretically indicated in 
this condition, but we do not know of 
any report of a series of cases so treated. 

In this small series of cases every patient 
was in a desperate condition, either due 
to neglect or due to repeated exacerba- 
tions within a short period in an anemic 
and devitalized child or the indiscriminate 
use of “sulfa” drugs based purely on 
blood counts showing a variable amount 
of leukocytosis. Even against these odds 
penicillin therapy carefully carried out has 
given extraordinarily encouraging results. 


The essential feature of the disease 
being the recurrent nature of renal inflam- 
mation secondary to another infective 
focus, one postulates that if the primary 
focus can be eliminated the kidneys have 


a better chance of recovery and of remain- 
ing free from repeated attacks and con- 
This 
primary infective focus, we know, is to be 
in the nasopharynx, respiratory 
system or elsewhere. It is very often due 
to a hemolytic streptococcus, admittedly 
a h ly 


sequent progressive degeneration. 


susceptible organism to the 
group of drugs; but the kidneys 
tolerate this group well and the 


Ise any form of intensive “sulfa” 

therapy in acute nephritis is fraught with 

grave dangers of toxic complications. 
Evidence of renal toxicity has never 


been reported by workers who have used 
Penicillin in the treatment of various 
diseases. The fact of its being completely 
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devoid of toxic effects on the kidneys 
makes it increasingly imperative that a 
more extensive trial be given it in the 
treatment of acute nephritis, especially in 
those infective focus, 
demonstrable or otherwise, is the primary 
cause of the renal condition. 

The absence of toxicity of penicillin for 
most other tissues is another great advan- 
tage in its use in acute nephritis. There is 
no toxic disturbance in the peripheral 
blood or in the hemopoietic system. Unlike 
the “ 
cessfully used if there is severe anemia, 


cases where an 


sulfa” drugs, penicillin can be suc- 


marked leukopenia or even, as recorded, 
in the presence of agranulocytosis. I have 
seen in patients of pneumonia complicat- 
ing typhoid, lowered leukocyte counts 
actually rise during or after penicillin 
therapy. 

If pyrogen free penicillin is used, con- 
stitutional reactions such as fever, malaise, 
headache, etc., should not occur. 

When the observations just mentioned 
are taken into account regarding the 
extremely low toxicity of penicillin, it 
becomes at once apparent that favorable 
results may be expected in its use in acute 
nephritis, a condition where the question 
of drug toxicity is one of utmost impor- 
tance in view of impaired renal function. 
It is obvious that penicillin, or for that 
matter any other drug, can have no pos- 
sible therapeutic effect on the damage 
already done to the renal cells. In those 
cases, however, where there is evidence of 
an active septic focus, acting as a strong 
bactericidal agent, it removes or eliminates 
the source of infection. Furthermore, it is 
conceivable that it removes the inflam- 
matory congestion in the renal tissues, 
particularly the cellular exudate between 
the layers of Bowman’s capsule and the 
exudative process all over the interstitial 
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kidney substance. This results in a virtual 
decompression of the nephrons, thus 
enabling more of these units numerically 
to function normally. 


Choice of Cases. In this series, as stated 
12 children with severe acute neph- 
treated. Almost all were in a 
critical condition: and in some life was de- 
spaired of. In some cases evidence of a 
infective focus was demonstrable 
in most the leukocyte count was raised. 
Rise in temperature was present in all. In 
some complete anuria or oliguria had set in 
with variable amount of edema. One child 
had severe hematuria, possibly aggravated 
by the administration of large doses of sulfa- 


nerore, 


ritis were 


primary 


aMazine 
Material and Method of Administration. 
Penicillin was supplied in rubber capped 
bottles containing 100,000 units in each in 
the form of a powder. This was dissolved 
10 ee. sterile normal saline and the solu- 
ion was kept constantly in the refrigerator. 
All injections in this series were given 
ntramuscularly. All syringes and needles 
were sterilized in double distilled water and 
cooled before use. 


The skin at the site of injection and the 


rubber cap of the bottle were cleaned with 
ether. The utmost care was taken to avoid 
eakage of the solution into edematous tis- 
sues around the site of injection. 

Dosage. The dose per injection varied 
between 5000 and 10,000 units, administered 
at ourly, or in some eases 4 hourly, 
nte s. The total dosage varied between 
192,000 and 640,000 units, except in Case 6 


lied while treatment was in progress. 


Duration of Treatment. The number of 


conse 


itive days of treatment varied from 


i3toS. There is no doubt that the dura- 
tion treatment required depends to 
some extent on the length of the period 
before penicillin therapy is started. It is 
also evident that the improvement caused 
was continued long after the actual period 
or tre nent. 

C cations. No toxic phenomena or 
compli-ations arose in any of the cases 
treate In 1 case only (Case 11) the 
child complained of severe headache on 
the I day of treatment after the fifth 
njection. This was attributed to systemic 
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or psychologic causes and was relieved 
by antispasmodics. Some of the older 
children became “needle shy”’ and some 
difficulty was experienced in continuing 
the treatment. 

Results. In judging the results it is to 
be remembered that were 
chosen for the very reason that they were 
in extremis and had failed to respond to 
any other form of treatment. There re- 
mains no doubt that penicillin has a 
definite place in the treatment of acute 
nephritis. 


these cases 


In the cases which were not 
complicated by complete anuria but were 
nevertheless very serious due to the pres- 
ence of oliguria, the response was remark- 
able. The temperature came down to 
normal in 36 to 72 hours and although in 
some it rose slightly above normal for a 
few days, the general improvement justi- 
fied the stoppage of penicillin. The urine 
improved greatly in output and became 
free from albumin, casts and red blood 
cells. In Cases 1, 2 and 11 some abnor- 
mality remained in the urine after the 
end of treatment, but they became afebrile 
and the edema gradually decreased due 
to improved urine output. 
very toxic when 
meneed. 


Case 6 was 
treatment was com- 
This was the fourth acute ex- 
acerbation within 3 months and during 
the 12 days previous to this treatment 
large doses of sulfadiazine had been ad- 
ministered. For 2 days he had hematuria 
with only a few drops passed at a time. 
He died after 2 days treatment. 

It may be noted that the word “recov- 
ered”’ is used in the table of cases to 
imply complete absence of symptoms and 
signs; e. g., rise of temperature, edema, 
presence of casts, albumin and blood cells 
in the urine. It does not necessarily mean 
a permanent eradication of disease. 

Summary. Twelve cases of acute neph- 
ritis in children have been treated with 
penicillin, all being of very severe type. 
There was 1 death after 2 days treat- 
ment; the results were satisfactory in the 
other 11. 

The bactericidal action of penicillin is 


employed to eliminate the causal infective 


focus. 


Results, as judged by the rapid ameli- 
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oration of signs and symptoms are en- 


couraging, and a wider trial is recoim- 
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PENICILLIN THERAPY IN ULCERATIVE COLITIS* 


A PRELIMINARY REPORT 


By Capr. BERNARD B. Korostorr, M.C., A.U.S. 
AND 


Capr. Harry E. Kine, M.C., A.ULS. 


AAF 


REGIONAL HOSPITAL, 


WICHITA FALLS, TEXAS 


ie AAF Regional Hospital, Sheppard Field, Wichita Falls, Texas, Col. Russell 8. Leone, MC, 


commanding) 


Tuts report is on the results of penicillin 
therapy in 5 cases of chronic ulcerative 
It is realized that this is a small 
series of cases upon which to base a report; 


lity 


also the subsequent follow-up is admit- 
tedly inadequate. However, the immedi- 
ate beneficial results warrant this report 
n the hope that others may be encouraged 
to try a prolonged large scale evaluation of 
penicillin therapy in this disease. 

The present literature considers penicil- 
lin ineffective in chronic ulcerative coli- 
tis It is worthwhile considering the 
literature in regard to the penicillin dosage 
used in this disease as well as in certain 
other Infections due to non- 
hemolytic streptococi treated with penic- 
illin are almost entirely in cases of sub- 
Early at- 
empts to treat this disease with penicillin 


diseases. 


acute bacterial endocarditis. 


were unsatisfactory because only small 
and inadequate doses could be given. 
More recent experience, using of 200,000 to 
300,000 units a day for 2 to 3 weeks, has 
indicated at temporary arrest of 


the infection in more than 50% of the 


least 


Other infections such as pri- 
syphilis appear amenable to penicil- 
lin therapy only in relatively high dosage. 
In reviewing the literature’ it was found 
that *he maximum dose used in ulcerative 
colitis was 840,000 units of penicillin in a 
per if 6 days, the average being about 
40,000 units per day. It seemed reason- 
abl try a higher dosage in some cases 
rative colitis; a total dosage of 
(0 units in 5 days was arbitrarily 
hos The intramuscular route of ad- 


paper was presented, in abbreviated form, on May 3, 
South Central Medical District, San Antonio Aviation Cadet Center, San Antonio, Texas. 


ministration was adopted, as it is fully as 
effective as the intravenous.® It is regret- 
ted that laboratory facilities to determine 
penicillin blood levels were not available. 
However, in order to establish a suffi- 
ciently prolonged and adequate blood 
level, the dosage was given every 3 
hours.!'’ Thus, 30,000 units were given 
intramuscularly every 3 hours up to a 
total of 1,200,000 units. 

We do not infer that the pencillin ther- 
apy in these cases was a specific treatment 
for a disease due to a specific organism. 
It was simply an attempt to evaluate its 
effect in cases of chronic ulcerative colitis. 
The examinations of these patients did not 
reveal any indication of specific diseases 
such as bacillary dysentery, amebic colitis, 
tuberculous colitis, lymphopathia vener- 
eum, histoplasma capsulatum 
or a deficiency syndrome such 


infection, 
as sprue. 
The findings in each case indicated the 
so-called non-specific or idiopathic colitis. 
The proctoscopic findings were character- 
istic of the “streptococcie ulcerative coli- 
tis’ described by Bargen? or the stage 2 or 
stage 3 of the acute stage of ulcerative 
colitis as classified by Bockus.* The lesions 
began in the most distal segment of the 
rectum, diffusely involved the entire bowel 
wall, and showed the characteristic hyper- 
emic, edematous, friable, granular mucosa 
It is 
believed that the colon roentgen-ray find- 


with scattered areas of ulcerations. 


ings were not necessary for the diagnosis 
but did serve in the estimation of the ex- 
tent and severity of the disease. 


1945, at the AAF Medical District 


Case Abstracts. Case 1. A white male, 
34 years, stated that about 1935 he noticed 
the onset of severe pains in the umbilical 
area with radiation to the splenic region 
associated with alternating attacks of diar- 
rhea and constipation. The color of his 
stools varied from a light brown to red to 
black. He was treated at that time by a 
private physician for colitis. These symp- 
toms occurred intermittently throughout the 
years. In June, 1943, he developed severe 
peri-umbilical pains accompanied by approx- 
imately 20 bowel movements daily. 
blood was present in the stools at intervals. 
Hospitalization was required for a period of 
1 week. The diarrhea continued consisting 
of 5 soft light brown stools a day. The 
patient was rehospitalized elsewhere on four 
different occasions. Each time he had com- 
plained of 15 to 20 stools daily frequently 
containing blood. On admission he was 
having 5 to 10 liquid and soft stools daily 
usually associated with fresh blood. The 
intermittent peri-umbilical pain had con- 
tinued. 

The physical examination was essentially 
negative except for slight tenderness below 
the umbilicus on abdominal pressure. The 
red cell count was 4,000,000 with 10 gm. of 
hemoglobin. The white cell count was 15,200 
(77% neutrophils). Repeated stool examina- 
tions for parasites and pathogenic organisms 
were negative. The proctosigmoidoscope was 
passed 8 inches revealing multiple areas of 
ulceration throughout. The ulcers were more 
profuse in the rectum and averaged about 
6 mm. in diameter. The mucosa was very 
hyperemic with occasional areas of pin-point 
hemorrhage. Mucosal edema and friability 
were marked. The barium enema revealed 
redundancy of the sigmoid and descending 
colon with some lack of haustration: after 
emptying there was a small amount of bar- 
ium throughout the colon and a rather 
stringy appearance suggesting spasticity. 
There was slight irregularity in the haustra- 
tion of the distal half of the transverse colon. 

The patient was given a high protein, high 
carbohydrate, low residue diet, multi-vita- 
mins, and ferrous sulfate. Proctosigmoid- 
oscopy was done on the 3d, 10th, and 17th 
hospital days. The only change noted was a 
slight decrease in the friability of the mu- 
cosa. The 5 day course of penicillin was then 
given. On the 25th hospital day, 3 days after 
penicillin was stopped, proctosigmoidoscopy 


Gross 
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revealed only slight hyperemia and granu- 
larity of the mucosa. The ulcerations and 
friability previously observed had completely 
disappeared. On the 43d hospital day, exam- 
ination revealed no recurrence of the rectal 
ulcers. One month later, the patient wrote 
that he was having well-formed stools and 
he felt greatly improved. 

Case 2. A white, male, 32 years, ha 
noticed since 1935 recurrent episodes of mid- 
abdominal colic accompanied by watery 


i 


stools which at times were associated with 
fresh and old blood. In January, 1944 he 
had been hospitalized for about 10 days for 
these symptoms. On admission he was hav- 
ing 5 to 6 stools daily. He described them as 
watery, yellow, and occasionally red or 
black. He also complained of a constant 
tenesmus. He had lost 5 pounds of weight 
in the past year. 

The physical examination was essentially 
negative except for slight tenderness on pres- 
sure over the left lower abdominal quadrant 
The urinalysis, complete blood count, and 
sedimentation rate were within normal lim- 
its. Repeated stool examinations for para- 
sites and pathogenic organisms were nega- 
tive. Proctosigmoidoscopy for a distanee 
of 10 inches revealed numerous ulcerations 
averaging about 8 mm. in diameter. They 
were most marked in the caudal half of the 
rectum. There were at least 15 ulcerativ 
areas, their base being grey or hemorrhagi 
in type. The mucosa was hyperemic and 
edematous. The barium enema was essen- 
tially negative. 

The patient was given a high protein, high 
carbohydrate, low residue diet, multi-vita- 
mins, and ferrous sulfate. He was placed at 
bed rest and given an 8 day course of sulfa- 
diazine with an initial dose of 4 gm. and 
then 1 gm. every 4 hours. A blood “sulfa” 
level of 10 to 12 mg. was obtained. On the 
19th hospital day, 2 days after sulfadiazine 
was discontinued, proctosigmoidoscopy was 
repeated. The numerous ulcerations and 
hyperemia were still present. The following 
day he was started on the 5 day course ol 
penicillin. Two days after its completion, 
proctosigmoidoscopy revealed the disa} 
ance of the ulcerations except for 3 «imal 
areas which were covered by a supe icial 
thrombus and were apparently healing. The 
mucosal hyperemia and edema had also dis- 
appeared. Examination 5 days later showed 


no evidence of ulceration. Proctosig10id- 
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py 1 month and 2 months later revealed 
no recurrence of the ulcerations. The patient 
stated that he felt greatly improved. He 
having only 1 or 2 well-formed stools 
daily with no evidence of bleeding. 
A white male, 36 years, while in 
North Africa in May 1943, developed diar- 
rhea consisting of 15 to 20 watery stools 
daily some of which contained blood. This 
persisted for 3 weeks and soon afterward 
recurred for a period of 1 week. He was 
treated with oral bismuth preparations and 
improvement resulted. After feeling well for 
2 months, the symptoms recurred. He had 
10 to 15 watery bloody stools daily associated 
vith lower abdominal cramping pains. From 
August 1943 to the latter part of 1944 while 
in Italy he continued to have frequent loose 
stools which were sometimes bloody and 
vere associated with abdominal cramps and 


CASE 3. 


generalized weakness. Treatment was symp- 
tomatic in type. On January 29, 1945, 
shortly after his return to this country he was 
hospitalized on our service. He complained 
of diarrhea averaging 8 liquid or soft stools 
daily often with fresh blood. 
Lower abdominal cramps were also present. 

lhe general physical examination was es- 
illy negative. The urinalysis and com- 

blood counts were within normal 
mits Repeated stool examinations for 
parasites and pathogenic organisms were 
The barium enema Roentgen ray 
vas negative. Proctosigmoidoscopy revealed 


associated 


hegative. 


large external hemorrhoids encircling the 
inal orifice. The instrument was passed with 
great difficulty for a distance of only 73 


because of the patient’s discomfort. 


The mucosa was extremely redundant, 
edematous and hyperemic. There were mul- 
thy leerations averaging about 6 mm. in 


ameter throughout the area of visualiza- 
lhe ulcers contains a sero-sanguineous 


exu 

He was treated with a high protein, high 
cal ydrate, low residue diet with multi- 
vit tablets, bismuth subearbonate and 
lerro’s sulfate for 2 weeks. By that time he 
Was | iving about 4 soft stools daily asso- 
clat vith considerable flatus. However, 
proct: -igmoidoscopy revealed essentially no 
chat in the pathologic signs previously 
desi d. He was given an 8 day course of 
sulfac .zine with a blood level of about 10 
to 12 1g. per 100 ec. Three days after its 


con 


on proctosigmoidoscopy showed no 
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apparent change in the ulcerations but the 
mucosa was somewhat less hyperemic and 
edematous. There was essentially no change 
in his symptoms. A 10 day course of chinio- 
fon 0.25 gm. t.i.d. was given. At its comple- 
tion, proctosigmoidoscopy showed no change 
in the ulcerations and his symptoms re- 
mained the same. On his 38th hospital day 
he was started on the 5 day course of penicil- 
lin. On the 45th hospital day, examination 
revealed apparent healing of all the ulcera- 
tions and an essentially normal mucosa ex- 
cept for granularity and redundancy. Proc- 
tosigmoidoscopy on the 52nd hospital day 
revealed the same findings. The stools were 
formed, there was no excessive flatus, and 
the rectal bleeding had ceased. Sixty days 
after the course of penicillin, examination 
revealed no recurrence of the rectal ulcera- 
tions. 

Case 4. A white male, 30 years, in March 
1944 suddenly developed a diarrhea consist- 
ing of 5 liquid and soft stools daily with some 
blood streaking, pus and mucus. Two weeks 
after onset of his symptoms he was hospital- 
ized elsewhere. He stated that a diagnosis of 
ulcerative colitis was made. During 6 months 
hospitalization, general therapy and sulfa- 
guanidine resulted in improvement so that he 
was passing 2 formed stools daily with no 
gross blood, pus or mucus. After discharge 
from the hospital in October 1944 he felt 
well until December 1944 when the same 
symptoms recurred. He was rehospitalized 
elsewhere on February 10, 1945. The procto- 
sigmoidoscopy was reported: ‘Shows multi- 
ple small punctate ulcers, bleeding areas sur- 
rounding submucosal hemorrhages, and pe- 
techiae in moderate numbers.”’ A diagnosis 
had been made of ‘severe chronic ulcera- 
tive colitis with submucosal hemorrhages.” 
Treatment consisted of a bland low residue 
diet, vitamin supplements, and sulfaguani- 
dine 2 gm. 4 times daily from February 16 
to March 1. He was transferred to this hos- 
pital on March 2, 1945. 

The physical examination revealed mild, 
deep, diffuse abdominal tenderness. The 
edge of the liver was palpable at the costal 
margin and was slightly tender. He con- 
tinued to have 3 or 4 liquid or semisolid 
stools daily with some fresh blood, pus and 
mucus. There was excessive flatus. Procto- 
sigmoidoscopy (9 inches) revealed multiple 
ulcerations ranging up to 5 mm. in diameter 
and containing a seropurulent-hemorrhagic 
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exudate. There was diffuse hyperemia, num- 
erous pin-point hemorrhages with some areas 
of larger bleeding, marked edema and in- 
creased friability. Using a platinum wire 
loop under direct visualization cultures were 
made directly from the ulcers. These were 
subsequently reported as EF. coli. Repeated 
warm stool examinations were negative for 
parasites and the cultures were negative for 
pathogenic organisms. The Frei test was 
negative. The red cell count was 3,770,000 
with 11 gm. of hemoglobin. The white cell 
count, the differential count, and the sedi- 
mentation rate were normal. The barium 
enema revealed an absence of haustral mark- 
ings in the distal colon. There was no defi- 
nite serration of the bowel wall and the 
mucosal pattern of the descending colon was 
not destroyed. On the 8th hospital day the 
5 day course of penicillin was started. No 
other treatment was given except for the 
high protein, high carbohydrate, low residue 
diet. On the 15th hospital day, proctosig- 
moidoscopy showed apparent healing of all 
the previous ulcerations. However, multiple 
pin-point hemorrhagic areas were still pres- 
ent. The mucosa was not as friable and the 
edema had decreased. The same course of 
penicillin was repeated in addition to the 
administration of vitamin supplements, fer- 
rous sulfate, and belladonna rectal supposi- 
tories. On the 22d hospital day, proctosig- 
moidoscopy (10 inches) revealed mild to 
moderate hyperemia and edema while the 
hemorrhagic areas were less marked and 
appeared to be subsiding. No ulcers were 
present. Mild sedatives, antispasmodics, 
bismuth subecarbonate, and intramuscular 
liver were given in addition to the other 
general therapy. Proctosigmoidoscopy was 
done at weekly intervals revealing gradual 
improvement so that on the 52nd hospital 
day there were only a few pin-point hemor- 
rhages, mild to moderate hyperemia and 
friability and an increasing diffuse granular 
appearance of the mucosa. He was having 
usually 2 fairly well-formed stools daily with 
only an occasional small amount of blood or 
mucus. There was no tenesmus or abdominal] 
pain. From the 60th to the 65th hospital 
days, chiniofon 0.25 gm. q.i.d. was given. It 
was discontinued then because of increasing 
diarrhea. Proctosigmoidoscopy on the 78th 
hospital day revealed definite improvement 
consisting of decreased hyperemia, edema, 
and friability, the absence of hemorrhagic 


THERAPY IN ULCERATIVE COLITIS 


areas, and a slightly granular appearance 


the mucosa. There were no ulcerations. The 


final examination on the 85th hospital day 
revealed no recurrence of the ulcerations or 
hemorrhagic areas. 

Case 5. A Negro, 29 years, stated that he 
had noticed rectal bleeding for 2 years. H 
had frequent episodes of diarrhea consisting 
of 6 or 7 soft stools daily. The fresh blood 
usually discolored the stools and also fol- 
lowed the bowel movement. Tenesmus and 
abdominal cramps occurred frequently. He 
had lost 12 pounds of weight in 2 years. An 
accurate history was difficult to obtain from 
the patient. 

The general physical examination was es- 
sentially negative. The red cell count was 
3,950,000 with 11.5 gm. of hemoglobin. Th 
white cell count was 7100 with a normal 
differential count. The serum protein was 
7.6 gm. Repeated stool examinations wer 
negative for parasites and pathogenic organ- 
isms but revealed large amounts of blood, pus 
and mucus. A Frei test was negative. 

Proctosigmoidoscopy (10 inches) showed 
diffuse ulcerated, hemorrhagic areas through- 
out with a well marked polypoid, hyper- 
plastic inflammation most prominent on an 
adjacent to the lower and middle rectal 
valves. Biopsies of two of the polypoid 
lesions revealed microscopically a heavy dif- 
fuse and focal round cell infiltration with 
numerous eosinophiles throughout the mu- 
cosa and subjacent fibrous and muscular tis- 
sues. The appearance indicated no specific 
type of histopathologic lesion and the diag- 
nosis was chronic proctitis. The patient was 
afebrile but it was considered inadvisable t 
attempt a barium enema Roentgen ray be- 
cause of the above findings and his general 
condition. 

Treatment consisted of a high protein, 
high carbohydrate, low residue diet, pheno- 
barbital, belladonna, ferrous sulfate and tul- 
tivitamin tablets. An initial dose of 4 gm. ol 
sulfadiazine and 1 gm. every 4 hours were 
given for 6 days. Three days later, on the 
23d hospital day, proctosigmoidoscopy re 
vealed essentially no change. Chiniofon 
0.25 gm. t.i.d. was prescribed for 10 cays 
Again the examination was unchanged. The 
5 day course of penicillin was given. On the 
day it was completed, proctosigmoido=copy 
showed only a few remaining ulcerations 00 
the valves of Houston and a marked decrease 
in the hyperplastic inflammation, fria! lity, 
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ma and hyperemia. Examination 7 days 
definite ulcerations al- 
igh a few superficial erosions were pres- 
on the rectal valves. The proliferative 
ilations had decreased. A 2d course of 
cillin was given in the increased dosage 
10,000 units every 3 hours for 10 days. 
Proctosigmoidoscopy then revealed a de- 
rease in the degree and extent of the poly- 
d granulating areas and some local hyper- 
mia and friability still persisted. No ulcera- 
Symptomatically the 
tient was much improved. He had no 
He still had 2 to 4 soft 
stools daily with occasionally a little fresh 
d. He had gained 14 pounds of weight 
since the institution of penicillin therapy. 


revealed no 


tions were present. 


ps or tenesmus. 


Chronic ulcerative colitis is 
The term 
probably embraces a group of variable 


Discussion. 
a disease of unknown cause. 


colon and systemic signs and symptoms 
depending on how different individuals re- 
act to a single injurious agent or it involves 
i similar syndrome resulting from multiple 
etiologie agents. The course of the disease 
is extremely varied and unpredictable. 
Improvement both subjectively and ob- 
jectively in response to a new form of 
therapy may be purely coincidental to the 
iatural history of the disease in individual 
[t may be influenced by psycho- 
genic factors incident to the hope of a new 
e treatment. The enthusiasm of the 


physician as well as the patient may be of 
considerable effect in a partial or total 
psychosomatic disorder. Only on such a 


basis can any new type of therapy be 


properly evaluated. 

\t the present time there is no widely 
wccepted specific treatment for this disease. 
Diet, sulfonamides, serums, vaccines, vita- 
ins, and many other agents have been 
emploved. There is no doubt that each has 
contrinuted to the improvement or pos- 
‘ibly “cure” in many cases. Yet not one 
of t] iwents has been considered to have 
curative effect in a significant 
number of instances. Many of these 
mea were used at various stages in 
con) on with penicillin therapy in our 
patie There seems little doubt that 


benefit penicillin may exert it 
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will be increased by other measures, espe- 
cially those designed to correct the primary 
or secondary nutritional defects. 

These patients were all considered to be 
moderate to severe cases as regards the 
extent and degree of the local disease. 
However, none were severe from the stand- 
point of systemic reaction. They did not 
represent either the acute severe fulmin- 
ating septic type, nor the severe chronic 
continuous type with a narrowed, short- 
It will be noted that 
one case was given preliminary dietary and 
nutritional therapy for 2 weeks without 
improvement. The 2d case was given iron 
and sulfadiazine in addition to nutritional 
therapy without appreciable benefit. The 
3d and 5th cases were given preliminary 
sulfadiazine and chiniofon therapy without 
any change in the rectal ulcerations. The 
{th case was treated without preliminary 
therapy (although he had sulfaguanidine, 
vitamins, and a low residue diet at another 


ened fibrotic colon. 


hospital) and his supportive therapy was 
given following the initial course of pen- 
icillin. 

In the 5 cases there was disappearance 
of all ulcerations during or immediately 
following the administration of penicillin. 
This result was the striking feature of the 
penicillin therapy. The 4th case still had 
residual pin-point hemorrhages, slight 
edema, hyperemia, friability, and granu- 
larity (all these latter signs being greatly 
improved over the initial examination). 
The 5th case still had mild friability and 
hyperplastic granulations. Additional pen- 
icillin therapy did not seem to effect as 
rapid or possibly as complete disappearance 
of these pathologic signs. These cases were 
considerably improved symptomatically 
while the first 3 patients obtained complete 
relief. In our experience with these types of 
cases, the rapid improvement in the proc- 
tosigmoidoscopic findings has rarely if ever 
occurred under any former therapeutic 
regimen. The duration of follow-up is in- 
adequate for any long term evaluation at 
this time. However, even the immediate 
beneficial effect is of considerable impor- 


tance. It is hoped that a more complete 


ting 
] 
| 
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conclusive report may be published later. 
At the present time penicillin apparently 
produces at least a remission in some mild 
and moderately severe cases of chronic 
ulcerative colitis and effects an improve- 
ment in other moderately severe cases. 
Arrest of the inflammatory process is the 
maximal benefit conceivable in those havy- 
ing irreversible fibrotic changes in the 
bowel wall. 

The explanation for the effectiveness of 
penicillin is not clear. Possibly it acts 
within the tissues of the bowel wall on one 
or more of the infective agents such as 
penicillin susceptible streptococci. It is 
the usual belief that within the lumen of 
the bowel penicillin is rapidly inactivated 
by the intestinal bacteria.' However, 
there is a recent report of penicillin admin- 
istered in rectal suppositories resulting in 
sustained blood levels." It does not follow 
necessarily that it would be effective as a 
local application in inflammatory recto- 
sigmoid lesions, but through its systemic 
action may be effective by the rectal route. 
The optimum dosage is still unknown. As 
in subacute bacterial endocarditis higher 
dosage over a longer period than 5 days 


may increase its effectiveness in ulcerative 
colitis. We contemplate trying the admin- 
istration of 40,000 units every 2 or 3 hours 
for 10 days in a few cases. Recent reports 
indicate that the more convenient oral 
route of administration may be practical 
under some conditions.*® 

Summary. 
30,000 units intramuscularly every 3 hours 
for 5 days up to a total of 1,200,000 units 


Penicillin in dosages of 


was administered to 5 cases of chronic 
ulcerative colitis. 

The disappearance of the rectal ulcera- 
tions in each case within 1 week after the 
completion of one course of penicillin was 
the prominent feature. Improvement also 
occurred in the other pathologie signs. Im- 
provement in subjective symptoms and 
the character of the stool was marked in 
each instance. 

The results in these few cases indicat 
that adequate penicillin therapy may be 
of considerable value in the treatment or 
control of some cases of chronic ulcerative 
colitis. A trial of high dosage penicillid 
therapy on a large scale with a prolongen 
case follow-up is believed justified. 
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COMBINED PENICILLIN AND SULFADIAZINE THERAPY IN 
PNEUMOCOCCIC PNEUMONIA* 


By Morris F. 


CoLLen, M.D. 


ALVIN L. SELLERS, M.D). 


AND 


Eric C. Kast, M.D. 


OAKLAND, ,CALIFORNIA 


From the Department of Internal Medicine, Permanente Foundation Hospital) 


NUMEROUS reports have already estab- 
lished the value of penicillin in the treat- 
ment of pneumococcic It 
is the purpose of this study to evaluate 
further the effectiveness of penicillin in 
the treatment of pneumococcie pneumonia 
by comparing 2 series of cases similar in 
severity of the disease cared for in the 
same hospital by the same staff and treated 
with the same general therapeutic routine. 
The only variation in treatment was that 
severely ill patients in the first group 
received adjuvant type specific anti- 
pheumococcic serum, while for similar 
indications a comparable number in the 
second group received adjuvant penicillin. 

In the period from September 1, 1943 
0 May 1, 1945, 1620 consecutive patients 
with pneumococcic pneumonia were treat- 


ed at the Permanente Foundation Hos- 
pit The diagnosis of pneumonia was 
substantiated in every case by indisputable 
physical findings and a_ positive chest 
roentgenogram. No case in which the 
diagnosis of pneumonia could be ques- 
tioned was included in this series. Patients 
with pneumonia as a contributory diag- 
nosis to another illness were excluded. 
| i examinations in every case showed 
the dominant organism to be the pneu- 
m us. Specific typing by Neufeld 
me d was obtainable in 70% _ of cases. 


Procedure. The general therapeutic regi- 
hich was followed in this hospital for 
itment of pneumococcie pneumonia 

1a n outlined elsewhere.’ Every patient 

s moderately or severely ill received 

m therapeutic doses of sulfadiazine, 


since it has been demonstrated! that the use 
of higher doses of sulfadiazine resulted in a 
marked decrease in mortality rate, a decrease 
in incidence of common complicating con- 
ditions, and a decrease in length of hospital 
stay, without any notable changes in inci- 
dence of drug toxicity. Hence, the majority 
of patients received an initial dose of 5 gm. 
of sodium sulfadiazine in 500 ec. of } molar 
solution of sodium lactate intravenously fol- 
lowed by sufficient sulfadiazine administered 
orally to maintain average blood sulfa- 
diazine concentrations from 12 to 20 mg. 
per 100 cc.4| Adjuvant therapy in the form 
of fluids, expectorant cough mixtures, oxygen 
inhalation, and alkali (sodium bicarbonate, 
sodium lactate, or potassium bicarbonate as 
indicated) were used routinely. 


Comparative Therapeutic Efficacy of Com- 
bined Penicillin and Sulfadiazine Therapy. 
From May 1, 1944 to May 1, 1945, 872 
patients with pneumococcic pneumonia 
were treated as outlined above. Of these 
patients 195 (22.4%) were treated with 
penicillin in addition to sulfadiazine for 
indications presented below. In this group 
of 872 patients, 13 (1.5%) died (Table 1). 
All deaths occurred among the 195 severely 
ill patients who had received combined 
therapy. 

In the previous 8 month period from 
September 1, 1943 to May 1, 1944, 748 
patients with pneumococcic pneumonia 
were treated with the same general thera- 
peutic regimen. The only differences in 
treatment were that (1) no penicillin was 
used, and (2) type specific pneumococcic 
serum was used in 156 (20.9%) of cases. 
In this group of 748 patients, 46 (6.2%) 


* Statistics compiled by Martha Eaton, A.B. 


129 
252 
até 


died (‘Table | 


occurred among the 156 patients who were 


Forty-two of these deaths 


severely ill and were treated with com- 
bined serum and sulfadiazine therapy. 

It is important to note from Table 1 
that the patients in both series who re- 
ceived only sulfadiazine were of approxi- 
mately the same frequency and same 
negligible mortality. 

These results indicate that in the treat- 
ment of pneumococcic pneumonia with 
sulfadiazine, the adjuvant use of penicillin 
in place of specific serum in severely ill 
patients resulted in a decrease in mortality 
rate from 26.9% to 6.7%. The over-all 
mortality rate for pneumococcic pneu- 
monia was decreased from 6.2 to 1.5%. 


TABLE 1 


No 

Therapy cases 
Sulfadiazine only 677 
Penicillin and sulfadiazine 195 
Total 872 
Sulfadiazine only 592 
Serum and sulfadiazine 156 
Total . 748 


Comparative Severity of the Two Series. 
Since gross mortality statistics have little 
comparative value unless the series of 
cases represents illnesses of approximately 
equal severity, these two groups were 
analyzed as to the severity of the various 
important factors which influence the 
mortality in pneumococcic pneumonia. 

It has already been shown (Table 1) 
that the two series were of similar clinical 
severity, since about 78% of each group 
was judged of insufficient severity to re- 
quire adjuvant therapy, and the fatality 
rate was comparably negligible in these 
groups treated with sulfadiazine only. 
Incidence and Mortality 
Rates of S pe cific Pneumococcic Ty pes. It 


Comparative 


is apparent from Table 2 that the same 
specific pneumococcie types predominated 
in both groups; furthermore, in each type 
a marked decrease in the per cent mor- 
tality occurred with the addition of penic- 


CoMPARATIVE Mortauitry RartEs, 
WiTH SULFADIAZINE AND PENICILLIN 


COLLEN, SELLERS, KAST: 


illin therapy. It is important to note tl 
penicillin is extremely effective in the 
treatment of 
pheumonia. 

Comparative Age of Patients. As is 


pneumococcic Type III 


demonstrated in Table 3, the age of a 
patient is a very important factor influenc- 
Table 3 


further shows that the comparative inci- 


ing mortality in pneumonia. 


dence according to age agrees very closely 
It is of interest that 
51% of the patients in both series were 


in the two series. 


over forty years of age. In the penicillin 
treated series the per cent mortality was 
lower in every decade. 

Comparative Severity of Associated Dis- 
eases. Obviously the presence of an asso- 


1620 Cases or PNEUMOcOcCIC PNEUMONIA, 
OR SERUM AS ADJUVANT THERAPY 


No. % 
incidence deaths mortality 
77.6 0 0.0 
22.4 13 6.7 
100.0 13 1.5 
79.1 4 0.7 
20.9 42 26.9 
100.0 16 6.2 


ciated disease may be very important in 
influencing the mortality of pneumonia. 
The grading of the severity of an asso- 
ciated disease is difficult and depends upon 
the judgment of the examiner. Some 
uniformity of grading was attempted b) 
grading an associated disease as “ mild” 
if it was sufficiently severe to aggravate 
or alter the course of the pneumonia, 
“moderate” if it was sufficiently severe 
so that associated with pneumonia it might 
jeopardize the life of the patient, and 
“severe” if the associated disease was in 
itself sufficient to endanger the life of the 


Table 4 shows that associated 


patient. 
diseases were present with about the 
same frequency in both groups. Although 
associated diseases graded as “severe” 
were less frequent in the penicillin treated 
series, it is apparent that the marked 


decrease in mortality in this group 1s 


a] 
a 

ine 
ad 
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COMBINED PENICILLIN AND 
primarily due to adjuvant penicillin ther- 


Tables 1 through 4 indicate that these 
two series of cases represent groups of 
pproximately equal severity, and there- 
fore their mortality statistics can be 
a ectly compared. 


Com parative Incide nce of Complicating 
Conditions. As shown in Table 5 the 
incidence of important complicating con- 
ditions was equally low in the two series. 
Except for an increased frequency of sterile 
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effusions, the additional use of penicillin 
did not materially alter the incidence of 
common complicating conditions. 

Pleural empyema developed in 1 patient 
in the penicillin treated group. Injections 
of penicillin into the empyema cavity 
failed to cure the infection and a rib resec- 
tion with drainage was performed result- 
ing in prompt recovery. 

Serofibrinous pericardial effusions de- 
veloped in 3 patients as evidenced by the 
recognition of a pericardial friction rub, 


ABLE 2.—COMPARATIVE INCIDENCE AND MortTaLiry oF CoMMON SpeEciric PNeumococcic TYPES 
No % No % Pneumo. No. % No % 
cases incidence deaths mortality type cases incidence deaths mortality 

Combined Penicillin and Sulfadiazine Therapy B. Combined Serum and Sulfadiazine Therapy 
{195 Cases) 156 Cases) 
I] 33 16.9 l 3.0 VII. 0 32.2 9 18.0 
I 27 13.8 2 7.4 Ill . 30 19.3 15 50.0 
22 11.3 1 4.5 I 17 10.9 4 23.5 
15 Pes 2 13.3 V 10 6.4 2 20.0 
IT] 13 6.7 0 0.0 VIII 10 6.4 0 0.0 
I] 10 5.1 1 10.0 XXV 10 6.4 0 0.0 
9 4.6 1 XII 7 4.5 2 
8 4.1 1 6 3.8 2 
\ 5 2.6 1 IV. 6 3.8 4 
I\ 5 1.5 0 XX 4 2.6 0 
I 2 1.0 0 XXIV 2 1.3 l 
S 1.0 0 VI . ] 0.6 0 
I\ 2 1.0 1 XIV l 0.6 0 
I] 2 1.0 0 XIX l 0.6 l 
XIII 2 1.0 0 
Sulfadiazine With Adjuvant Penicillin Therapy D. Sulfadiazine With Adjuvant Serum Therapy 
S72 Cases) 748 Cases) 
81 9.3 1 1.3 VII 92 12.3 10 10.9 
71 8.1 l 1.4 XXV 55 7.4 1 1 
46 5.3 2 4.3 I 52 7.0 6 11.5 
\ 43 4.9 l 2.4 III 47 6.3 16 34.0 
41 4.7 2 4.2 aa 45 6.0 2 4.4 
I 41 4.7 0 0.0 VIII 32 4.3 0 0.0 
$5 4.0 l 2.9 . 31 4.1 4 12.9 
) 4.0 1 2.9 XII 30 4.0 2 6.7 
29 3.3 3.4 XXIV 13 1.7 
\ 27 3.1 0 XXXII 13 Be 0 
20 2.3 0 XX 11 1.5 0 
3 1.5 0 XXXIII 11 1.5 0 
12 1.4 0 II ; 10 1.3 2 
I 12 1.4 0 XVIII . 10 1.3 0 
11 1.3 0 XIX 10 1.3 l 
TABLE 3.—COMPARATIVE INCIDENCE AND MortTA.Lity BY AGE 
No. No. % No No. 
cases incidence deaths mortality cases incidence deaths mortality 


Combined Penicillin and Sulfadiazine Therapy 


7 3.6 0 0.0 
) 27 13.8 0 0.0 
) 33 16.9 l 3.0 
) 27.2 4 
) 43 22.1 6 14.0 
25 2.8 1 4.0 
1 ov 7 3.6 1 14.3 
195 100.0 13 6.7 
Sulfadiazine With Adjuvant Penicillin Therapy 
45 5.2 0 0.0 
157 18.0 0 0.06 
221 25.4 1 0.5 
209 24.0 1.9 
} 145 16.6 6 4.1 
85 9.7 l 1.2 
vel 10 1.1 1 10.0 
72 100.0 13 1.5 


B. Combined Serum and Sulfadiazine Therapy 


6 3.8 0 0.0 
22 14.1 3 13.6 
30 19.2 4 13.3 
34 21.9 10 29.4 
45 28.9 17 35.6 
18 11.5 7 38.9 

l 0.6 l 100.0 

156 100.0 42 26.9 


49 6.6 0 0.0 
141 18.8 3 2.1 
177 23.7 5 2.8 
172 22.9 10 5.8 
126 16.9 18 14.3 
75 10.0 9 12.0 

l 12.5 


ere 

. 748 100.0 46 6.2 


JUL COLLEN, 
roentgenographic demonstration of a tran- 
sitory diffuse enlargement of the heart, 
and characteristic changes in the electro- 
cardiogram. In each of these patients 
the pericardial effusion absorbed spon- 
taneously. No instances of meningitis 
developed in either series. 

Length of Hospital Stay. 
Excluding fatal cases, about two-thirds of 


Com parative 


the patients in each group had recovered 
from their and were dis- 
charged from the hospital in less than 
7 days (Table 6). Only about 8% of 
patients in each group required over 14 
days of hospital care. No remarkable 


acute illness 


TABLE 4.—COMPARATIVI 
No No 
deaths 


cases incidence 


Sulfadiazine With 


100.0 


100.0 


COMPARATIVE 


Sulfadiazine with S 
idjuvant per 


No 


cases 


Complication 
Sterile effusion 
Empyema 
Lung abscess 
Pericarditis 
Endocarditis 


difference in length of hospital stay was 
noted for severely ill patients treated with 
penicillin as compared with those treated 
with serum. 

Indications for Penicillin Therapy. Al- 
though it is likely that in the future, 
penicillin will be administered routinely 
to all patients with pneumococcic pneu- 
monia, the restricted supply of penicillin 
during the past year has limited the use 
of the drug to severely ill patients only. 

In this series of cases, indications for 
combined penicillin and sulfadiazine ther- 
apy were: 

1. Patients high pneumococci 
counts in their sputum, with evidence of 


with 
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SEVERITY O! 


mortalits 


Adjuvant Penicillin The apy 


INCIDENCE OF 


icillin therapy adjuvant 


KAST: 


impending pulmonary edema or sho 
with severe toxic delirium, with a leul 
eyte count below 6000 cells per em: 
or other evidence of severe infection 
toxicity. 

2. Failure to respond to adequate ao 
age of sulfadiazine (studies®:’ have demo 
strated sulfadiazine-fast pneumococci 
be readily susceptible to penicillin). 

3. Pneumococcic Type III pneumoni 
in patients over 40 years of age. 

In the above groups, not only were 
maximum doses of penicillin given in order 
to obtain immediate antibacterial action,‘ 
but high blood concentrations of sulfa- 


ASSOCIATED DISEASES 


or No. or No or 


incidence deaths mortaiit 


cases 


Sulfadiazine With Adjuvant Serum Thera 


0 


19 
606 


748 


COMPLICATING CONDITIONS 

ilfadiazine with 

serum ther: 
% 

incident 

2.7 

0.3 

0.6 

0.3 

0.3 


> 


diazine were also maintained, sinc 
has been shown that combined sulf 
mide and 


effective 


penicillin therapy is m 


than either sulfadiazine 
penicillin alone.’ 

Penicillin therapy alone was give! 
patients with: 


1. A previous history of sulfonamide 
sensitivity or who developed sensitivity 


before the 
process had cleared. 
2. Cardiac failure, renal insuffi 


or acidosis. 


to sulfadiazine pneu moni 


In the ma- 
jority of patients who received penicillin, 
the drug was administered intramus- 


Penicillin Administration. 
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cularly in doses of 25,000 units every 3 
hours. To prolong the effect of penicillin 
by delaying the rate of absorption (and 
to decrease the pain of repeated injec- 
tions), ice bags were applied to the site 
before and after the injection.“ The 
penicillin was administered in a solution 
of physiologic saline or of 5% glucose 
in water.!. Frequently the penicillin was 
given in doses of 100,000 to 200,000 
units daily by continuous intravenous 
drip. The dosage and mode of administra- 
tion varied with the severity of the ill- 
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higher doses more frequently. Continuous 
intravenous drip appeared to be the most 
efficient method of administration.'° 

The majority of patients received a 
total of about 500,000 units of penicillin. 
A small group of patients who died shortly 
after admission received less than 100,000 
units because of the short period of treat- 
ment (Table 7). 

Penicillin therapy was usually con- 
tinued until the patient was afebrile at 
least 48 hours. To avoid relapses it was 
found necessary to continue penicillin 


ness; critically ill patients were given administration for a somewhat longer 
PABLE 6.—COMPARATIVE LENGTH OF HospiTaL Stay (ExciusivE oF DEATHS) 
No. No 

Hospital days cases incidence cases incidence 
A. Combined Penicillin B. Combined Serum 

and Sulfadiazine Therapy and Sulfadiazine Therapy 
Under 7 49 26.9 24 21.1 
7-14 80 44.0 53 46.5 
15-21 20 11.0 20 
22-28 11 6.0 5 4.4 
Over 28 22 12.1 12 10.5 
Total 182 100.0 114 100.0 


C. Sulfadiazine With 
Adjuvant Penicillin Therapy 


Under 7 582 
7-14 204 
15-21 32 
22-28 18 

Over 28 23 

Total 859 


TABLE 7. 


No 
cases 
A. Method of administration 
Intravenous 30 
Intramuscular 90 
Intravenous and intramuscular 75 
Total 195 
B. Total dosage (units): 
Less than 100,000 10 
100,000-—499 000 100 
500,000—1,000,000 55 
More than 1,000,000 30 
Total 195 
C. Toxic reaction: 
Local 7 
General: Urticaria 2 
Dermatitis 
Fever l 
No reaction 184 
Total 195 


D. Sulfadiazine With 
Adjuvant Serum Therapy 


67.8 161 65 8 
23.7 184 26.1 
3.7 29 4.1 
2.1 11 1.6 
2.4 17 2.4 
100.0 702 100.0 
PENICILLIN THERAPY 
% No % 
incidence deaths mortality 

15.4 3 10.0 

16.2 5 5.6 

38.4 5 6.7 

100.0 13 64 

§.1 2 20.0 

51.3 7 7.0 

28 .2 1 18 

15.4 10.3 

100.0 13 6.4 

3.6 0 0.0 

1.0 0 0.0 

0.5 0 0.0 

0.5 0 0.0 

94.4 13 


100.0 13 6.7 
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period than was ordinarily considered as 
sufficient for sulfadiazine. This may be 
because penicillin is excreted within a 
few hours, whereas therapeutic doses of 
sulfadiazine are not entirely excreted 
Tillett? also advised 
continuing penicillin therapy for at least 


within 24 hours. 
3 to 4 days of illness so as to avoid re- 
lapses due to discontinuing the drug before 
the development of type specific im- 
munity. 

Toxic reactions to penicillin were rare, 
but about 10% of patients receiving intra- 
venous penicillin developed local throm- 
bophlebitis. Two patients developed 
generalized urticaria which promptly 
cleared after cessation of penicillin ther- 
apy. One patient developed a maculo- 
papular and vesicular itching eruption on 
the 9th day of therapy which spread 
from the trunk to thighs in spite of dis- 
continuing sulfadiazine and all medica- 
tions except penicillin; the eruption 
cleared on the 15th day, 2 days after 
stopping penicillin therapy. One patient 
developed a febrile reaction; after this 
patient had a normal temperature for 
for 3 days, 60,000 units of penicillin as a 
test dose were administered intramus- 
cularly over a 12-hour period and a 
transitory rise in temperature to 100.5 
resulted. 

Causes of Failure in Treatment. Of the 
13 patients in this series who died, 5 were 
admitted to the hospital in extremis with 
signs of pulmonary edema and _ severe 
shock, and died 4, 8, 9, 15 and 17 hours 
The Ist of these 
patients had associated rheumatic heart 


following admission. 


disease with early congestive failure and 
chronic glomerulonephritis (confirmed by 
autopsy). The 2d was a severe chronic 
alcoholic. The 3d was also a severe 
chronic alcoholic, with advanced hepatic 


cirrhosis (confirmed by. autopsy). 


The 6th fatal case, a patient aged 43, with 
a pneumococcic Type XXV_ pneumonia 
involving the entire right lung had associated 
hypertensive heart disease (confirmed at 
autopsy) with a 6 months history of parox- 
ysmal nocturnal dyspnea. Although he was 


treated with high doses of sulfadiazine | 
taining a blood concentration of 26.3 mg 
per 100 ec.) and 200,000 units of penicill 
intravenously daily, he failed to respond 
and died 36 hours after admission. 

The 7th fatal case was that of a patient 
aged 58 with extensive right upper k 
pneumonia. Sputum examination showed 
the presence of much mixed infection, but 
many pneumococci were present which did 
not react to sera Types I to XXXIII. The 
patient was a confirmed chronic alcoholic, 
and was obviously jaundiced on admissior 
with a large, tender, palpable liver and a 
icterus index of 19.7 units. He was treated 
with sulfadiazine in high doses (attaining a 
blood concentration of 24 mg. per 100 e 
and penicillin up to 300,000 units daily. He 
showed no evidence of response to therapy, 


rapidly going into pulmonary edema and 
shock and died 43 hours after admission 
Autopsy revealed the presence of a markedly 
fatty liver. 

The 8th patient, aged 62, was admitted 
with pneumococcic Type IV pneumonia 
involving the left lower lobe and the entire 
right lung. He was treated with high doses 
of sulfadiazine and penicillin, but died 30 
hours after admission. Autopsy examina- 
tion revealed the presence of carcinoma 
the stomach, postoperative, with recurrenc 
and metastases to liver, pancreas, and retro- 
peritoneal lymph nodes. 

The 9th fatality, a 59 year old man with 
chronic lymphatic leukemia with leukemic 
pulmonary infiltrations (confirmed at au- 
topsy) was admitted with pneumococcic 
Type III lobar pneumonia. He was treated 
with large doses of sulfadiazine (blood level 
22.4 mg. per 100 ec.) and penicillin (200,000 
units daily) without response, and died in 
pulmonary edema 5 days after admission 


Although the 6th, 7th, Sth and 9th 
fatal cases might have benefited by mas- 
sive doses of penicillin, the fulminating 
nature of the pneumonia and the severity 
of the associated diseases made recover) 
in each case unlikely. This problem has 
been presented by Bloomfield et al.’ 


The 10th patient, aged 74, with pneumo- 
coccic Type I bacteremia and pneumonia 
involving the left lower lobe, received su'/a- 
diazine on the Ist day of treatment « ly 
because of associated diseases. Although 
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e patient received 25,000 units of penicillin 
tramuscularly every 3 hours during his 
entire hospital stay, he failed to respond to 
erapy and died on the 6th day. 
The 11th fatal case, a patient aged 59, 
ith bilateral pneumococcie pneumonia, was 
treated with moderate doses of sulfadiazine 
r 3 days, during which time a sulfadiazine 
lood level was 6.6 mg. per 100 ce. On the 
ith day high doses of sulfadiazine were 
administered, and on the 5th day he was 
started on continuous intravenous drip of 
enicillin, receiving 200,000 units daily. 
lowever, the pneumonia spread rapidly and 
the patient died with pulmonary edema on 
the 6th day. 


The 10th patient, above, did not receive 
the benefit of combined sulfadiazine and 
penicillin therapy. The 11th patient was 
treated with too low levels of sulfadiazine 
the first few days; at present with the 
more generous amounts of penicillin avail- 
able, penicillin also would probably have 
been started much earlier. 


The 12th patient, aged 54, with pneumo- 
coccus Type III pneumonia involving the 
entire right lung, also had a leukopenia of 
1600 white cells peremm. High doses of sul- 
fadiazine were administered (reaching blood 
concentrations to 33 mg. per 100 ec.) and 
penicillin intermittently in doses of 25,000 
units intramuscularly. After several days 
f therapy, the patient was unimproved, and 
the sputum was still loaded with Type III 
imococci. Sulfathiazole was then ad- 
stered because the organism was ob- 
viously sulfadiazine-resistant, but no re- 
sponse was noted. The patient died on the 
l4th hospital day in pulmonary edema, with 
a complicating sterile right pleural effusion. 


is evident that the organisms in this 
patient were sulfonamide-fast, and much 
larger doses of penicillin by continuous 
intravenous drip might have been of 


13th fatal case was a patient 40 years 

with bilateral pneumococcie Type II 
eumonia who was treated with high doses 
1 su'fadiazine (blood concentration 16.4 mg. 
per 100 ec.) for 7 days. Sulfathiazole was 
egun on the 8th day because of his failure 
) prove, and discontinued on the 14th 
(day because of the development of a severe 
sulfathiazole rash. Penicillin had been ad- 


ministered by continuous intravenous drip, 
averaging 150,000 units daily beginning on 
the 5th hospital day. In addition, because 
the organisms were obviously sulfonamide 
and penicillin resistant, on the 15th day 
200,000 units of pneumococcic Type II 
serum were administered. The patient also 
had an associated acute glomerulonephritis 
(confirmed at autopsy) with progressive 
uremia, and developed an acute pericarditis 
with effusion. The patient died on the 20th 
day in a state of uremia. 


This patient might have benefited by 
larger doses of penicillin; however, at the 
autopsy examination it was obvious that 
the associated glomerulonephritis in itself 
might have been fatal. ' 

A review of these fatal cases indicated 
that causes of failure in combined sulfa- 
diazine and penicillin therapy were due to: 

1. Patients who were admitted to the 
hospital in extremis and died within a few 
hours. 

2. Inadequate doses of either sulfa- 
diazine or penicillin, or both, due to: 

(a) Inadvisability of administra- 
tion because of drug sensi- 
tivity; 

(b) Insufficient amount of drug 
given, or 

(c) Development of resistance of 
the organism to the blood 
concentrations of drug pres- 
ent. 

3. The presence of severe associated 
diseases which in themselves could be 
fatal. 

Summary and Conclusions. An analysis 
of 1620 consecutive patients with pneumo- 
coccic pneumonia indicated that com- 
bined penicillin and sulfadiazine therapy 
was most effective, with a resultant gross 
mortality rate of 1.5%. 

Penicillin was very effective in the 
treatment of Type III pneumococcic 
pneumonia. 

The use of penicillin did not decrease 
the incidence of complicating conditions 
nor shorten the length of hospital stay. 

Details of penicillin therapy were out- 
lined, including its indications, modes of 
administration, dosage, toxic reactions, 
and causes for failure of treatment. 
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IDEALLY the treatment of acute glom- 
erulonephritis during the initial stage of 
the disease should control the agent re- 
sponsible for the initiation of the disease 
and correct the biochemical and physio- 
logic derangements brought about by 
the disease. This report deals solely with 
the results obtained in the attempt to 
nfluence the which is almost 
universally believed to be related causally 
The 
bacteriologic and immunologic studies of 
Longcope® and his coworkers have firmly 
established the opinion which Léhlein! 
tated in 1907, that streptococcal infection 


process 


to the disease, viz., focal infection. 


precedes with great frequency the onset 
glomerulonephritis. 


finding ot 


of acute Because of 
with the beta 


nolytic streptococcus in the majority 


infection 

cases of acute glomerulonephritis, it is 
now widely held that extrarenal focal in- 
fection with this usually 
responsible for the production of the dis- 
ease In the kidneys. 


organism is 


‘his study, begun in 1938, reports the 
ience of therapy with sulfanilamide, a 
drug highly the beta 
olytie streptococcus, upon the course 
33 patients with 


effective against 


acute glomerulo- 
nephritis. When less toxic sulfonamide 
compounds became available, they were 
substituted for sulfanilamide because 
of the desire to avoid the complicating 
alluria and hematuria attending the 
use of these compounds, a complication 
whi-h is rarely if ever caused by sulfanila- 


m In addition, the low renal toxicity 
of s \lfanilamide demonstrated by Marshall 
anc Emerson* would recommend this drug 


as a safe chemotherapeutic agent in a 
patient with renal disease.. Forty patients 
with acute glomerulonephritis to whom 
sulfanilamide was not administered but 
who were treated similarly in all ‘other 
respects served as a control group. The 
control group of 40 patients formed the 
basis for a previous report on the criteria 
for clinical recovery in acute glomerulo- 
nephritis in children.® In assessing recov- 
ery from acute glomerulonephritis in chil- 
dren we have employed measures which 
we believe best indicate the status of both 
the anatomic inflammatory process in the 
kidneys and the functional disturbances 
attending the renal lesion. The persistence 
of the anatomic inflammatory changes in 
the kidney was gauged by routine urin- 
alyses and Addis urinary sediment counts 
done frequently. In reporting the results 
of the Addis sediment count, we have used 
the values for red blood cell excretion, 
since we have found these to be the last 
“elements” to re- 
In addition the red blood 
cell sedimentation rate has been followed 
in these patients. 


of the formed urinary 
turn to normal. 


It is not possible to 
designate with certainty the factors re- 
sponsible for the prolongation of the ab- 
normal sedimentation rate in patients with 
acute glomerulonephritis. The rapid sedi- 
mentation rate closely parallels the pres- 
ence of an abnormal urinary sediment and 
may conceivably be dependent upon the 
presence of active inflammatory change 
in the kidneys. However, the possibility 
that the continuation of the original focal 
infection in a subclinical degree not readily 
apparent, may account for the persistence 
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of the rapid red blood cell sedimentation 
rate cannot be excluded. The major func- 
tional disturbances resulting from the 
renal disease are derangements of renal 
function and functional abnormalities in 
the cardiovascular system chiefly depen- 
dent upon vascular spasm. The functional 
status of the kidney was measured by both 
the urea clearance test and the phenol- 
sulfonphthalein excretion test. The return 
of the blood pressure to a normal level was 
taken as an indication of the disappear- 
Frequent clin- 
ical, roentgenographic, and electrocardio- 
graphic examinations of the heart served 
as a guide in determining the status of 


ance of vascular spasm. 


this organ. 


TABLE 1 


Number in groups P 
Average age 


Duration of nephritis before admission to hospital 


Cardiac involvement (clinically evident) 
Hypertension 


TABLE 2.—ORGANISMS ISOLATED 


Predominant organism 
Streptococcus hemolyticus 
Staphylococcus aureus 
Pneumococcus 
Streptococcus viridans 
Micrococcus catarrhalis 


The two groups of children with acute 
glomerulonephritis were similar in so many 
respects that they are comparable samples. 
About half the children in each group were 
negroes which is in keeping with the pro- 
portion of colored children admitted to the 
Children’s Hospital of Philadelphia for all 
causes. The average age of both groups 
was approximately 6 years. In both groups 
there was a slight preponderance of males 
Osman® showed that the pre- 
ponderance of males affected by this dis- 
ease is significant in every age group except 
that from 16 to 20 years. The duration 
of the disease before admission to the 
hospital, and thus initiation of treatment, 
was not appreciably different, averaging 


Ji %. 
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8 days in the sulfanilamide treated group 
and 6 days in the untreated group. The 
proportion of patients with clinically ap- 
parent cardiac involvement was almost the 
same in both groups, 10 patients or 30% 
in the sulfanilamide treated group, and 
13 patients or 32% in the control group. 
Similarly there were 20 patients or 60%, 
with significant hypertension in the sul- 
fanilamide treated group and 23 patients 
or 57% in the controls. While there is no 
precise method for expressing quantita- 
tively, the severity of the disease, when 
the patient is first seen, the overall im- 
pression of both groups with respect to 
the degrees of severity of nephritis on 
admission to the hospital was that they 


DATA ON THE TREATED AND UNTREATED GROUPS 


Sulfanilamide 


Untreated treated 
group group 
40 33 
6 +3 yrs. 6 +3.1 yrs. 
6 days 8 days 
1 to 29 davs (1 to 35 days) 
13 10 
23 20 


IN THE Two Groups OF PATIENTS 


Sulfanilamide 


Untreated group treated group 


40) 33) 
24 18 
10 7 
2 4 
4 3 
0 1 


did not differ appreciably. Table 1 sum- 
marizes some of the characteristics of both 
groups of children at the time of admission 
to the hospital. Both groups of patients 
were hospitalized continuously until they 
were judged to be free from their disease. 
The treatment of all patients other than 
the administration of sulfanilamide was 
similar. 

Routine nasopharyngeal and blood cul- 
tures were taken on all patients at the 
time of admission to the hospital. In addi- 
tion cultures of any infected skin lesions 
or purulent discharges were obtained. 
Table 2 presents the results of the naso- 
pharyngeal cultures. While many of the 
patients had a variety of organisms in 
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SULFANILAMIDE THERAPY AND 
their upper respiratory tracts, only the 
The 
eta hemolytic streptococcus was the or- 
vanism most frequently encountered, 60% 
of the untreated group and 54% of the 
ulfanilamide treated group. Unfortu- 
nately, repeated cultures were not done, 
for it is likely that a higher incidence of 
streptococcal infection would have been 
revealed in this way. 


predominant organism is recorded. 


In only 1 instance 
a patient, who had an antecedent history 
of scarlet fever was a positive blood cul- 
ture obtained (beta hemolytic strepto- 
It may be assumed that infection 
with the beta hemolytic streptococcus was 
present in many patients from whom the 
organism was not isolated in culture, since 


cocecus ). 


Longeope® has demonstrated with great 


TABLE 3 


oF RENAI 


Routine urinalysis 
Addis count: 

10,000,000 red cells 

Less than 1,000,000 red cells 
Sedimentation rate 


TABLE 4. 


Renal function 
Heart 
Blood pressure 


regularity a marked rise in the antistrepto- 
lvsin titer of the blood during the course 
of acute glomerulonephritis, even when 
cultures failed to show hemolytic strepto- 
l. 

ilfanilamide was administered orally 
according to a fixed plan. Every patient 
received 1 gr. per pound of body weight 
laily for 5 days, following an initial dose 
of half the calculated total daily dose. 
The drug was then administered at half 
losage level for an additional 15 days, 
and finally a maintenance dose of 10 to 
daily was given for variable periods 
f 2 to 6 weeks. Thus sulfanilamide was 
given over a period of 34 to 62 days. Blood 
nilamide concentrations measured in 
itients varied from 4 to 16 mg. per 
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100 ce.—in only 2 patients did the blood 
concentration exceed 10 mg. per 100 ce. 
Hemoglobin and white 


blood cell counts were made every third 


determinations 


day for 12 days and at weekly intervals 
thereafter. 

Most of the patients were cyanotic dur- 
ing the first week of therapy. Two patients 
developed a marked drop in hemoglobin 
which was treated by blood transfusions 
without stopping the sulfanilamide. One 
child developed on the third day of drug 
administration a weeping cutaneous erup- 
tion with involvement of the mouth, con- 
junctive, vagina and perineal region (a 
type of erythema multiforme which has 
been termed ectodermosis erosiva pluri- 


Rates oF RetTurRN TO NORMAL OF FINDINGS INDICATIVE OF PERSISTENCE 


LESION 


Sulfanilamide 


Untreated group treated group 


days) (days) 
37 =18 32 +17 
76 +32 63 
120 +75 86 +69 
86 +48 71+46 


Rates OF RETURN TO NORMAL OF ALTERED PHYSIOLOGIC FUNCTIONS 


Sulfanilamide 


Untreated group treated group 


(days) days) 
19 21 
14 10 
8.5 


orificialis). 
encountered. 


No severe leukopenias were 


Other than local therapy for cutaneous 
infection (impetigo) and myringotomy 
when indicated, no other attempt at re- 
moval of foci of infection was made during 
the study of both groups of children. 

Results. The value of sulfanilamide 
administration in the treatment of the 
patient with acute glomerulonephritis may 
be examined from two aspects, first, its 
effect on the infectious episode which pre- 
cedes and presumably precipitates the 
renal disturbance and, second, the in- 
fluence upon the course and duration of 
the renal disease. While physical examina- 
tions showed that the original infections 
were controlled and clinically arrested by 
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RAPOPORT, 
the drug, since serial nasopharyngeal cul- 
tures were not done we cannot state when 
the bacterial terminated. 
The data accumulated in this study per- 
tain solely to the influence of sulfanilamide 
upon various manifestations of the dis- 
eased kidneys and the duration of the 
inflammatory process in the kidneys. In 
Table 3, there are presented the average 


infection was 


durations of the abnormalities in routine 
urinalysis, Addis urinary sediment count, 
and sedimentation rate for both the sul- 
fanilamide treated and control groups. 
The routine urinalysis became normal 
in both groups in about the same length 
of time—37 days in the untreated group, 
and 32 days in the sulfanilamide treated 
group. The Addis urinary sediment count, 
reporting excretion of red 
to return to normal 
sooner in the sulfanilamide treated group, 


cells only, 
seemed somewhat 
an average of 86 days as opposed to 120 
days in the control. However, because of 
the large values for the standard devia- 
tion, this difference is not statistically sig- 
nificant. The red blood cell sedimentation 
rate returned to normal in 71 days in the 
sulfanilamide treated group and in 86 days 
in the untreated group. Again, because 
of the wide variability in each group, the 
difference in these two average values has 
no statistical significance. It seems reason- 
able to conclude that sulfanilamide ad- 
ministration was without influence on the 
duration of the inflammatory lesion in the 
kidney. Complete recovery from acute 
glomerulonephritis occurred in all patients 
in both groups. 

Serial estimations of renal function by 
the urea clearance test or phenolsulphon- 
phthalein excretion test or both were 
made in the 2 groups of patients. Sulfa- 
nilamide administration had no influence 
upon the time required for the restoration 
of normal kidney function, as measured 
by these tests, 21 days in the treated 
group and 19 days in the untreated group 
(Table 4). This finding may also be re- 
garded as additional evidence that sulfa- 
nilamide in therapeutic doses does not 
depress renal function in these patients. 


BIN, WALTZ: 

Since hypertension, which occurred 1 
60% of all the patients is an importan 
etiologic factor in the serious complica 
tions, heart failure and hypertensive en 
cephalopathy, it is of interest to note that 
the duration of hypertension was no 
influenced by sulfanilamide administra 
tion. The blood pressure attained norma! 
levels in 7 days in the untreated group 
and 8.5 days in the treated group (Table 4 

Of the entire group of patients, 31% 
presented evidences of cardiac abnormali- 
ties which were apparent on physical ex- 
amination. The return to a normal cardiac 
status in these patients was determined 
by repeated physical, roentgenographic, 
and examinations. 
There was no significant difference in the 


electrocardiographic 


duration of cardiac abnormality, in the 
2 groups (Table 4). Thus sulfanilamide 
therapy did affect the 
the above mentioned physiologic derange- 


not course of 
ments which so frequently accompany 
acute glomerulonephritis. 

Since acute glomerulonephritis in chil- 
dren in marked contrast to this disease 
in adults rarely progresses to a chronic 
stage, it is obvious that the duration of 
the illness rather than the incidence of 
chronicity must serve as a criterion in 
assessing the action of sulfanilamide ther- 
apy in childhood. This difference in the 
natural history of the disease between the 
child and the adult, may account for the 
differences in therapeutic results obtained 
in this study and those reported by Wil- 
liams et al.’? The reasons for this difference 
in the course of acute glomerulonephritis 
in the child and adult are not apparent 
and are certainly worthy of further study. 

The production of the renal lesion of 
acute glomerulonephritis generally is be- 
lieved to result from an allergic reaction 
in the kidney dependent upon an ext! 
Whether the 
severity and persistence of the antecedent 
infection bear any relation to the severity 
and persistence of the acute renal lesion 
is not clear. If there were a high degree 
of correlation between these two process’, 
then the administration of sulfanilami de 


renal focus of infection. 


SULFANILAMIDE THERAPY AND 


would be expected to decrease the severity 
nd duration of the acute renal episode 
vecause of the suppression of the focus of 


nfeetion. Since sulfanilamide administra- 


tion did not decrease the severity or dura- 
tion of the disease in the children studied, 


is possible that factors other than origi- 
nal focus of infection may be operative. 
Summary and Conclusions. 1. A group 


of 33 children with acute glomerulonephri- 


tis, treated with sulfanilamide was com- 
pared to a group of 40 children with the 
ame disease, not given this drug. Both 
groups were comparable in age, sex, dura- 
tion of illness prior to hospitalization, 
severity of renal disturbance, in the in- 
cidence of accompanying cardiovascular 
derangements, and in the predominant 
infecting organism (the beta hemolytic 
treptococcus ). 

2. All children in both groups recovered 
completely from their renal disease. 
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3. There was no significant difference 
in the duration of the renal inflammatory 
process as estimated by the routine urin- 
alysis, Addis urinary sediment count, and 
red blood cell sedimentation rate. 

4. There was no statistically significant 
differences between the duration of the 
disturbed renal or cardiovascular fune- 
tions in the two groups. 

5. Sulfanilamide had no demonstrable 
deleterious effect on the renal function 
and did not cause an unusual incidence of 
toxic phenomena in patients with acute 
glomerulonephritis. 

6. Sulfanilamide therapy appears to be 
without influence on the course and dura- 
tion of acute glomerulonephritis in child- 
hood. This does not deny the value of 
sulfanilamide (and other sulfonamides) in 
the treatment of infection in the patient 
with nephritis. 
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THE TREATMENT OF TEMPORARY RENAL INSUFFICIENCY (UREMIA) 


ASSISTANT PROFESSOR OF SURGERY, W 


EVEN though the syndrome known as 
uremia occurs fairly frequently and the 
diagnosis can be made quite readily there 
is no positive proof as to the cause of 
death in this condition. As Harrison and 
Mason™ have pointed out, numerous the- 
ories have been advanced, and it seems 
plausible that various factors might lead 
to death in different patients, or that a 
combination of factors may be present. 
Death therefore seems to result from an 
accumulation of toxic products, changes in 
the osmotic pressure of the body fluid, de- 
hydration or overhydration, an acid-base 
imbalance or a combination of one or more 
of the aforementioned causes.°:" 

The primary function of the kidney is to 
eliminate waste or toxic products (glomer- 
ular function) and at the same time main- 
tain a normal electrolyte and water bal- 
ance (largely dependent on tubular func- 
Regardless of the cause of uremia 
it is therefore evident that in treating such 
a syndrome successfully a normal internal 


tion). 


environment must be maintained and all 
the aforementioned items must be kept in 
mind. Attempts have been made to treat 
61112 and pa- 
tients'®.> by peritoneal lavage but the re- 
sults 
factory, apparently due to the fact that 


both experimental animals 


to date have not been too satis- 
the water and electrolyte balance was not 
sufficiently considered. It has been empha- 
sized® that such a method should be em- 
ployed only in cases that have a temporary 
Patients 
suffering from bichloride of mercury poi- 
soning, or from a toxic nephrosis resulting 


and severe renal dysfunction. 


from the administration of one of the sul- 
fonamide compounds would be good candi- 
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dates for such therapy providing othe 
measures had failed or were thought to be 
of no avail. Other possible applications 
for peritoneal lavage might well be in 
patients who were anuric following a hem- 
olytic transfusion reaction or a crushing 
injury. Bywaters’ has recently reviewed 
the literature on the “Crush Syndrome” 
and states that if anuria occurs the prog- 
nosis is grave. Therefore it seems possibl 
that if such patients could be maintained 
might provide the 
kidney 
has felt 
that toxic products accumulate in certain 


for several days it 


necessary time for satisfactory 


function to be restored. 


types of shock, and if such is the case, it 
naturally follows that these toxic products 
pass through living membranes by dialysis 
It therefore seems possible that they too 
could be eliminated from the body by) 
peritoneal lavage. 

In order to clarify the procedure to b 
used it was first necessary to settle the 
following points: 

1. The method of carrying out peri 
toneal lavage: 
or (b) 


(a) continuous perfusion 
intermittent injection and the 
withdrawal: (1) length of time fluid shoul: 
remain in peritoneal cavity; (2) method of 
injection and frequency. 

2. The selection of a proper solutio! 
with the following qualifications: (a) on 
which would permit a maximum diffusio 
of waste products into it; (b) one whi 
would not alter the normal electrolyte pat 
tern of 


the extracellular fluid; (c¢) o1 
which would have the desired tonicit) 
and if possible; (d) a solution which wou! 


afford nutrition and thus keep the prote! 


catabolism at a minimum. 
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With these problems in mind this study 
as undertaken in order to determine 
vhat solution could be best employed. It 
lso seemed important to perfect the 
nethod of lavaging the peritoneal cavity 
o extremely large quantities of fluid 
would not have to be used and to use a 
olution which could be completely re- 


covered. 


Materials and Method. It was felt that 
itermittent washings of the peritoneal 
ivity would cause less difficulty and would 
e less apt to produce a state of overhydra- 

tion. It was also thought advisable to use a 
terile solution which chemically resembled 
| ultrafiltrate of plasma. In order to check 
these impressions it was necessary to estab- 
sh at what time the maximum diffusion of 
trogenous products occurred and what 
lution could be best tolerated. Therefore 
eritoneal lavage employing a 5% solution 
dextrose in distilled water, of Ringer’s, 
Hartmann’s, and “A” solutions were carried 
it. The composition of the latter 3 solu- 

ms is shown in Table 1. 

Normal mongrel dogs were employed for 

s study and peritoneal lavage was ac- 
mplished by injecting the selected fluid 
rough a large gauge needle (No. 15) which 
id been inserted through the abdominal 

ll after anesthetizing a small area with 

procaine. One hundred ec. per kilogram 
body weight of the lavage fluid was given 
raperitoneally in the first 10 animals. 
Frequent blood and ascitic fluid samples 
e taken for analysis at the time interval 
owing injection as shown in Tables 2, 3, 
nd 5. 
ollowing the selection of the method and 
solution to be employed (‘‘A”’ solution) 
terally nephrectomized dogs were used 
irther evaluate the procedure. All blood 
ples except the CO, determinations were 
‘ined by employing greased syringes. 
ples for the CO. content were obtained 

r oil, and stasis was avoided. Heparin 

employed as the anticoagulant for all 


} 
nies 


e hematocrit was determined by em- 
ng the Sanford and Magath cell volume 

In the normal animals the plasma 
n concentration was calculated from 


the plasma specific gravity as advocated by 
Weech” employing the falling-drop* method 
described by Barbour and Hamilton.® In 
the nephrectomized animals the plasma pro- 
tein concentration was determined by the 
micro-Kjeldahl technique and corrected for 
the elevated non-protein nitrogen. (It was 
found that the plasma protein concentration 
as determined chemically did not agree satis- 
factorily with that calculated from the spe- 
cific gravity when the blood urea nitrogen 
was above 100 mg. per 100 ec.) Plasma and 
ascitic fluid chlorides were determined by 
employing the modification advocated by 
Wilson and Ball*’ of the method described 
by Van Slyke. The method of Van Slyke 
and Cullen” was employed for the blood 
and ascitic fluid urea nitrogen and the CO, 
content was determined as described by 
Van Slyke and Neill.** In the later experi- 
ments 1 kidney was first removed and sub- 
sequently after control blood studies had 
been obtained the remaining nephrectomy 
was performed in 10 to 15 minutes using : 
light intratracheal ether anesthesia. 


Results. The blood and ascitie fluid 
alterations noted when 5% dextrose in 
distilled water was employed for lavage 
are shown in Table 2. It can be observed 
that a marked hemoconcentration oc- 
curred and that the plasma protein con- 
centration was greatly increased while the 
plasma chloride concentration fell to very 
low levels. These changes were due to a 
shift of electrolytes into the ascitic fluid 
and water into the intracellular compart- 
ment with a resulting dehydration of the 
extracellular fluid phase. Table 3 shows 
the changes which occurred when Ringer’s 
solution was used. In these animals only 
slight alterations were noted in the hem- 
atocrit and plasma protein concentration 
although some dilution apparently oc- 
curred. (The plasma chloride level in- 
creased slightly while the CO, content was 
decreasing.) The analysis of the ascitic 
fluid in these dogs (Nos. 3, 4 and 5) showed 
that considerable amounts of bicarbonate 
was lost from the extracellular fluid, while 
chloride (and probably also some sodium) 


sarbour and Hamilton Falling-drop Apparatus kindly furnished by Eimer and Amend & Co., 


\ York, N. Y 
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passed from the injected fluid into the 
extracellular fluid compartment. Tables 4 
and 5 show the chemical alterations that 
occurred when Hartmann’s solution and 
‘*4”’ solution (without added dextrose) was 
employed. It can be seen that very little 
change in the plasma and ascitic fluid con- 
centrations occurred except for the trans- 
fer of urea nitrogen into the lavage fluid. 
Table 6 shows a summary of these results 
in the first 10 animals and it is evident 
that 


tion would be the most desirable ones to 


solution and Hartmann’s solu- 


use. Since there is a tendency towards 


TABLE 1.—So.utTions Empio 
Solutes in gm. per 
1000 ec. of distilled water 


Sodium chloride (gm.) 

Calcium chloride (gm.) 

Potassium chloride (gm.) 

Sodium phosphate (monobasic) (gm.) 
Magnesium chloride (gm.) 

Sodium bicarbonate (gm.) 

Lactic acid (cc.) 

Dextrose (gm.) 


Potal gm. per 1000 ex 
PaBLE 2. 


5% DEXTROSE IN 


Plasma 
protein conc 
Time Hematocrit (gm./100 ec 


50.0 
aiter injection 


3.—RESULTS OBTAINED 3 
Blood and plasma 

Plasma Plasm 

protein conc. 

rime Hematocrit (gm./100 cc.) m.eq 


Control 38.5 6.36 109.6 


2 hours 41.0 116.7 


3 hours 
4 hours 
5 hours 
6 hours 


Control 
2 hours 
3 hours 
4 hours 
5 hours 


Control 
2 hours 
3 hours 


2.( 


chloride CO: 
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acidosis in uremia “A” solution was en 
ployed in the subsequent experiments be 
cause of the greater amount of availabl 
bicarbonate. 

The blood studies obtained from non 
treated bilaterally nephrectomized dog 
are shown in Table 7. The average sur 
vival time of these animals was slighth 
over 4 days. All of these dogs showed : 


high blood urea nitrogen concentratio1 


prior to death. Approximately 24 hour; 
after removal of the second kidney in a 


similar group of animals, peritoneal lavag: 
was instituted. Results in 3 such dogs ar 
YED FOR PERITONEAL LAVAGE 


Ringer's 


9.00 


Resutts OBTAINED From 2 Docs LAvaGep WITH A SOLUTION OF 


DISTILLED WATER 
Lavage fluid 
Plasma Urea 


; chloride nitrogen Chloride 
) (m.eq./l) mg./100 ce.) (m.eq./l) 


113. 

86. 

110 

93.8 

93 

SY .¢ 
83 68.1 


LAVAGED RINGER’s SOLUTION 
Lavage fluid 
a Plasm: Urea 


nitrogen 
1) vol % (mg./100 cc.) 


Chloride 
(m.eq./l) 


48.2 164.0* 
146.2 


41 135.7 
130.2 

49 166.0* 
134.8 

44 5 133.1 
4.5 130.0 

44 163 .0* 


) 141 


42 14 2 
4 hours 41 5.17 3.3 41.8 3 136.2 
11 


5 hours o 


* The level of the individual constituent in the lavage 


3.5 40.: 131.5 


fluid previous to administration. 


O14 
( 
| 
6.00 0 
0.25 0.20 0.23 
0.30 0.40 0.35 
0.07 
0.05 
» 207) 
2.40 
10-20 
55 19-29 
Dog CO 
73.0 12.07 | 
19.2 6.12 
62.4 8.54 
4 68.9 9.46 
Ss 78.9 10.44 
N vol 
5.41 117.0 36 
44.1 5.41 116.2 38 
4 a7 .2 6.45 112.1 0* 
40.5 5.91 116.9 
40.0 5. 87 119.1 4( 
39.2 5.74 115.2 
49.0 5.58 109.4 ) 
) I 
29 
34 
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hown in Tables 8 and 9. In Dog 11 
Table 8) 1500 to 2500 ce. of “A” solution 
without dextrose was instilled into the 
peritoneal cavity two or four times a day 
and withdrawn 3 to 5 hours later. This 
was done on the 2d, 4th and 7th days. It 
ean be seen that relatively large amounts 
of urea nitrogen were removed. In Dog 12 
Table 8) the intermittent intraperitoneal 
njection and removal of 5000 to 6000 ce.’s 


TaBLe OBTAINED From 2 Docs 


Blood and plasma 


Plasma 

protein conc. 
Time Hematocrit (gm./100 ce.) 

2 5.07 
5 5.87 
6 5.97 
4 .74 
5.12 
2 ».09 


19 
5.99 


urs 44.4 
43.3 


urs 


* 


TaBLE 5.—ReEsULTS OBTAINED FROM 3 


Blood and plasma 
Plasma 


chloride 
(m.eq./l) 


Plasma 
protein conc. 
Time Hematocrit (gm./100 ce.) 
108.5 
108.6 
108.5 
110.1 


Control 
1 he 
hours 


3 hours 


Control 


Che level of the individual constituent in the lavage 
n Dog 8 only 1.1 gm. of sodium bicarbonate/1000 cc. 
the lavage fluid employed in Dogs 9 and 10. 


AVERAGE CHANGE OF THE CONSTITUENTS MEASURED IN THE BLOOD, PLASMA 


LAVAGE Fivuips AFTER 4 Hours FoR 


Blood and plasma 
% change 
in plasma 
protein 
conc, 


% change 
employed in hematocrit 
xtrose in distilled 
+67.1 2 


+43 
—10. 


ann's* 


lution? 


Plasma 
chloride 
(m.eq./l) 


% change 

in plasma 

chloride 
conc 


+ 
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of fluid was done daily. These 2 dogs 
(Nos. 11 and 12) showed a marked gen- 
eralized edema by the 5th day following 
bilateral nephrectomy which increased and 
appeared to be the cause of death after 
8} and 7} days respectively. Since fairly 
large amounts of the injected fluid was 
not withdrawn it was quite obvious that 
there was an increase in the animals’ body 
water. 


LAVAGED WiTtH HaARTMANN’S SOLUTION 


Lavage fluid 
Urea 
nitrogen 
(mg./100 ec.) 


Plasma 
COs 
vol, 


Chloride 


% (m.eq./1) 


4.7 
6.6 


7.6 


5.0* 
0.0 


1 
2 
2 
2 
2 


3.2 


120.6 
119.4 


rhe level of the individual constituent in the lavage fluid previous to administration. 


Docs LavaGep WirTH ‘A”’ SOLUTION 


Lavage fluid 
Urea 
nitrogen 
(mg./100 ec.) 


Plasma 
COs 


(vol. %) 


Chloride 
(m.eq./l) 


(vol. %) 
O* 


47.3 29 .8* 
35.9 


46.0 41.6 


41.0 


49.2 
49.6 
49.9 
45.0 


48.3 
50.1 


9.8 


9.2 


» fluid previous to administration. 


was used in the lavage fluid, instead of 2.: 1000 ce. 


AND 
EAcH OF THE SOLUTIONS EMPLOYED 
Lavage fluid 


M.eq./l Vol. % 
change in change in 
chloride CO2 

conc. content 


Increase in 
urea nitrogen 
cone. 
(mg./100 ec.) 


% change 
in plasma 
CO: 


+10.6 
+ 9.3 


+10.4 


+67 .6 
— 29.3 
+ 8.8 
r 4.7 


ese values represent the average change (% or conc.) at the end of 3 hours in 1 animal and 4 hours in the other. 


g 1, Table 5 omitted from this calculation because 
the solution. 


only half the intended amount of sodium bicarbonate was 


( 
F 
og 
f ( 112.0 45.2 | 
|_| 
2 111.5 43.0 1 
112.4 42.6 l 
C 110.7 O* 110.0* 
2 113.5 7.3 121.5 
3 hours 
4 he 116.3 6.8 
7.9 124.8 
41.2 6.25 112.7 0* 114.5* 57.7* 
1 hour 
2 hours 40.6 6.02 112.6 10.7 122.3 60.0 
3 hours 39.1 5.78 113.8 12.0 123.5 §5.3 
4 hours 39.3 5.81 113.0 11.6 123.5 56.7 
Control 51.9 6.13 107.2 O* 119.5 43 .3* 
1 hour 
2 hours 53.0 6.30 108.6 9.0 121.0 50.8 
3 hours 52.3 6.23 109.2 | 123.0 53.4 
4 hours 50.2 6.04 109.6 || Ye 121.4 51.2 
BLE 6 
1.3 +23 .6 
R —9.7 +35.5 
H — 7.4 -—2 —4.9 
) A a 4.0 — 4 i —1.2 + 8.1 
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The results with Dog 13 are shown in 


Table 9. 
slightly 


The “A” 


hypertonic by the 


solution 


was 
additi 


made 
of 


on 


dextrose (the chemical make-up of the 


fluid was comparable to that shown in 


Table 1). 


By such a procedure it is pos- 


sible to withdraw slightly more fluid than 
had been injected and thus it was fe:-ible 
to utilize parenteral fluids to help control 


the acid-base balance and the state of toneal fluid and by the administration of 
7.—B Loop Stuptes ON BILATERALLY NEPHRECTOMIZED UNTREATED’ ANIMALS* 
= Plasma Plasma Blood urea 
Dog Time protein cone. chloride Plasma CO nitroger 
No in days Hematocrit gm./100 ec m.eq ] vol.&% mg./100 ce 
l Control 52.0 6.72 110.6 45.3 12.9 
2 45.0 6.47 94.6 41.4 143.7 
4 41.0 6.28 36.0 256.0 
2 Control 45.1 6.12 110.7 49.4 9.0 
l 31.0 ». 89 115.3 38.1 61.2 
2 29.2 ». 60 107.1 32.7 104.1 
} 8.1 >. 50 100.9 51.0 254.0 
5 9.7 5.23 99.4 43.4 299 .6 
Control 413.6 7.55 109.1 48.0 Be 
2 39.8 97.0 46.9 80.8 
3 42.3 6.80 78.0 240.0 
4 Control 53.8 9.3 
2 39.5 116.0 
4 28.1 190.0 
Average survival time of entire control group of non-treated animals, 44 
TABLE 8.—BLoop Stupies on Bu JRALLY NEPHRECTOMIZED ANIMALS TREATED BY 
PERITONEAL LAVAGE* 
Time in days 
alter Plasma Plasma Plasma CO 3lood urea 
Dog bilateral otein cone chloride content nitrogen 
No nephrectomy Hematocrit m/100 ec.) m.eq./l) vol. %) mg./100 ec.) 
Control 51.0 6.24 108.4 416.0 10.0 -« 
9! A.M 43.0 5.58 106.9 43.3 138.6 
“| P.M 46.0 6.70 42.6 70.17 
4 39.0 >, 84 106.3 41.6 111.8 
7 41.3 100.2 40.7 200.7 
45.4 ». 62 128.2 101.1? 
12 Control§ 38.5 6.36 109.9 45.2 12.2 
Control ¢ 43.4 6.25 108.7 54.0 9.1 
39.6 107.3 30.7 
2 38.3 100.7 55.5 85.0 
A.M. 4.38 99.0 0.4 38.7 
4 > 
P.M. 30.7 
5 31.6 100.2 50.0 35.4 
7 31.3 4.24 103.0 42.4 63.9 
* All blood studies drawn in the a.m. except those so designated. 
6055 ec. lavage fluid removed during the previous 12 hours containing 5.34 g1 ea nitroge 
7600 cc. lavage fluid removed in the previous 6 hours containing 10.1 gm. of itrogen. 
§ Control studies before nephrectomy. 


Blood studies following unilateral n 


raBLe 9.—DatiLty STUDIES ON 


Days of experiment 


Oral or intravenous intake in cc, 

Fluid injected intraperitoneally, cc. 
Fluid withdrawn from peritoneum in cc. 
Serum CO: content, vol. % 
Serum chioride, m.eq. per liter 

Serum protein conc., gm. per 100 cc. 
Hematocrit ‘ 

Blood urea nitrogen, mg. per 100 ce. 


SHEA: 

nutrition. Nine days following bilateral 
nephrectomy the animal appeared _per- 
fectly normal (no visible edema was evi- 
dent), and the blood studies were within 
the desired range. In the evening of the 
9th day the dog died suddenly following a 
transfusion of citrated blood. The caloric 
and protein intake was maintained fairly 
well by the dextrose present in the peri- 


ephrectomy. 


Doe 13 ArrerR BILATERAL NEPHRECTOMY 
PERITONEAL LAVAGE 
Control 2 3 4 
100 300 50 
6050 6500 5000 
6300 7300 5000 
47.0 48.1 46.8 42.9 
109.2 118.8 104.2 95.5 
6.82 
44.3 43.7 47.0 52.0 
10.3 73.8 60.0 


750 
5000 


4300 


b ‘ 
750 
10,000 7500 
10,600 7925 
44.7 41.6 
98.0 96.3 
0.0 416.0 
86.0 58.0 
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plasma, amino acids and dextrose solutions 
intravenously. No solid food or water was 
permitted orally, but the animal was given 
small amounts of milk on several occasions. 

In none of the animals was there evi- 


dence of peritonitis. The bilaterally neph- 


rectomized dogs were all autopsied and 
no abnormalities in the peritoneal cavity 
were noted. 

Discussion. The factors which lead to 
death when kidney failure occurs can ap- 
parently be corrected or prevented by 
employing peritoneal lavage, but naturally 
this type of therapy would only be effec- 
tive over short periods of time (2 to 
14 days) and the ultimate success would 
then depend on the restoration of ade- 
quate kidney function. 

Ganter" in 1923 first introduced peri- 
toneal lavage for the treatment of uremia. 
Previously it had been shown by Putnam'* 
that the organic solutes (urea, creatinine, 
ete.) and the body electrolytes would 
dialyze across the peritoneal membrane. 
With this fact in mind Ganter, employing 
a physiologic solution of sodium chloride, 
showed improvement in dogs manifesting 
the uremic state. In 1927 Heusser and 
Werder’ employed Ringer’s solution and 
in summary concluded that the best re- 

Its should be obtained by using a lavage 
fluid which approached the normal elec- 
trolyte composition of plasma. In 1932 
Bliss, Kastler and Nadler® reported their 
results and showed that as much as 9.9 gm. 
of non-protein nitrogen could be removed 
from uremic dogs in less than 24 hours. 
In their series, untreated bilaterally neph- 
rectomized dogs survived approximately 

days while in two similar animals in 
which the peritoneal cavity was lavaged, 
life was maintained for 13 and 16 days. 
They used a solution of balanced salts and 
allowed it to remain in the peritoneal 
cavity for 10 minutes before removal. The 
cause of death in some of the animals 
which they treated was apparently due to 
the accumulation of massive peripheral 
and pulmonary edema. In the lavage fluid 
alter removal they identified creatinine, 
urea, phosphates, sulphates, urochrome 


Haam and Fine” 
were able to reduce significantly the mor- 
tality rate by employing peritoneal lavage 
in rabbits which were made anuric by 
administering 30 mg. of bichloride of 
mercury per kilogram of body weight. 
Wear, Sisk and Trinkle® in 1938 employed 
this‘’nethod of treatment, experimentally 
and clinically, using a poorly buffered 
Hartmann’s solution with a pH of 4.2. 
Their results showed promise inasmuch as 


and traces of protein. 


they also demonstrated that large quan- 
tities of non-protein nitrogen could be 
removed. They believed the procedure 
was without morbidity or mortality, and 
emphasized the fact that it would be suc- 
cessful only if acidosis could be prevented. 
Most of the investigators who have em- 
ployed this procedure have used solutions 
which were not comparable to plasma in 
composition, and as a rule perfused the 
peritoneal cavity by inserting two trochars 
or rubber catheters. Haam and Fine” on 
the other hand inserted the fluid, which 
was kept at body temperature, intraperi- 
toneally through a small rubber catheter 
and then after 10 to 30 minutes removed 
it by syphonage. It was noteworthy that 
the Javage fluid attained a relatively high 
ure? nitrogen concentration although the 
ave ce length of time between injection 
anc sithdrawal was less than 30 minutes. 

‘Lhe procedure has been employed in at 
least 13 human cases®*192°.25 with one 
reported survival. In most instances a 
definite reduction in the blood urea nitro- 
gen concentration was obtained. The fail- 
ures were thought to occur because of the 
existence of permanently diseased kidneys 
in most of the cases, and occasionally it 
was thought to be due to inadequate or 
incorrect treatment. 

Although the series of animals presented 
here is small, it is believed that certain 
definite knowledge was gained which 
would permit the wider use of this method. 

That dialyzation of large quantities of 
urea nitrogen into the lavage fluid will 
occur has been demonstrated (up to 10.1 
gm. of urea nitrogen was removed in 16 


hours). Our studies and those of others®*? 


| 
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have shown that the normal daily output 
of urea nitrogen can be approximated or 
exceeded by the use of peritoneal lavage. 
It is appreciated that the symptoms of 
uremia are not a result of the high concen- 
tration of urea nitrogen when kidney func- 
tion is impaired. It has been shown? 
that toxic products are formed, and that 
there is also a retention of protein break- 
down products." If such be the case since 
such products are dialyzable®"''* it seems 
logical to assume that uremic patients can 
be benefited by peritoneal lavage. In our 
experiments the urea nitrogen concentra- 
tion was taken as a relative index of the 
rate and quantity of dialyzation of such 
products. 

The maximum diffusion of urea nitrogen 
into the lavage fluid apparently occurs in 


from 2 to 4 hours. 


Haam and Fine” and 
Rhoads!® demonstrated a more rapid rate 
of diffusion when the blood urea nitrogen 
was significantly elevated. It thus seems 
that it is more desirable to employ the 
intermittent injection and withdrawal (4 
to 4 hours) technique rather than a con- 
tinuous perfusion. 

It has been previously demonstrated*® 
that a 5% dextrose solution causes many 
undesirable alterations and hence would 
not be a suitable lavage fluid although it 
was employed in some of the experiments 
done by Rosenak and Simon.” 
solution would not be satisfactory because 


Ringer’s 
of the lack of bicarbonate and its high 
chloride concentration. The repeated la- 
vaging with such a solution would result in 
a considerable loss of bicarbonate from the 
blood. 

With the use of any of the isotonic salt 
solutions a retention of sodium and hence 
water is apt to occur and result in extreme 
overhydration and pulmonary edema. 
This has also been observed by others; 
therefore we feel that by the addition of 
small amounts of dextrose, the lavage 
fluid is made slightly hypertonic and com- 
plete recovery of the injected fluid can be 
obtained. In fact, it is possible to with- 
draw somewhat larger quantities, thus 
permitting the use of oral feedings or solu- 
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tions intravenously which contain constit 
uents needed to maintain adequate nutri- 
tion (vitamins, amino acids, dextrose and 
electrolytes). It would seem quite desir- 
able to provide an adequate carbohydrate 
intake so that the catabolism of body pro- 
teins would be reduced and the accumula- 
tion of organic acids could be kept at a 


Other investigators®!9 


minimum. have 
shown that a decrease in the blood sugar 
concentration and a rise in the concentra- 
tion of glucose in the lavage fluid occurs if 
glucose is not present in the lavage fluid. 
This could be easily prevented by giving 
adequate amounts of dextrose. 

The results obtained in the control dogs 
with Hartmann’s and ‘“A”’ 


essentially comparable in regard to the 


solution were 


status of the fluid and acid-base balance 
Certain advantages, however, may be ac- 
credited to “A” 
supplies more of the electrolytes commonl) 
found in plasma than does Hartmann’s 
solution, and (2) there is more bicarbonate 


solution, namely, (1) it 


available in the “‘A”’ solution. 

The question of whether hormones wer« 
lost by such a procedure was considered, 
but since we have no information on this 
no positive statements can be made. It is 
felt, however, that animals and patients 
could probably combat the moderate defi 
cits that might result. 

Summary. From our studies and from 
previous work®:!.2.19.% it would seem that 
peritoneal lavage if properly employed for 
the treatment of uremia (and _possibl) 
other toxemias) could be an advantageous 
procedure. 

It seems desirable to use the intermit- 
tent injection and withdrawal of a solution 
which has a chemical composition similar 
to that of interstitial fluid and is made 
slightly hypertonic by the addition o! 
small amounts of dextrose (or gelatin « 
It would be essential to follo 
the acid-base balance closely by fairly fre- 


pectin). 


quent chemical determinations (total bas 
CO. content, plasma chloride level a 
pH), and in the event the procedure w: 
carried out for any length of time, 
would seem important to administer sm: 
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mounts of whole blood occasionally to 
revent a marked depletion in the red 
lood cell and plasma protein concentra- 
ton. If the electrolyte composition of the 
blood became abnormal it would be de- 
rable to alter the composition of the 
lavage fluid as advocated by Rhoads!® in 
order to remove solutes which were present 
1 excess or provide ones which were 
decreased. 

As has been emphasized previously! * 4 
the hematocrit, hemoglobin, red blood cell 
count and plasma protein concentration 
would not provide reliable indices of an 
anemia or hypoproteinemia. Neither such 

tudies nor the plasma electrolyte concen- 
trations would be of much value in de- 
termining quantitatively the patient’s 
state of hydration. The former problems 
could be controlled by the giving of an 


adequate diet or transfusions, while the 
latter could best be judged by careful and 
frequent observations of the patient, and 
the keeping of accurate intake and output 
records. 

Conclusions. 1. In control animals urea 
nitrogen will diffuse quite rapidly into 
fluid which has been injected intraperi- 
toneally. 

2. A solution which has a chemical 
make-up similar to interstitial fluid would 
be suitable for lavaging the peritoneal cav- 
ity and would not greatly alter the state of 
hydration* or the acid-base balance. 

3. Relatively large amounts of nitro- 
genous waste products and presumably 
other toxic elements can be removed from 
dogs by peritoneal lavage, keeping neph- 
rectomized animals in relatively normal 
state for over a week. 
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in several human cases which were in a terminal state, the injection and withdrawal of such a 
on has been tried. Although our experience in human patients is very limited, it would appear 
the withdrawal of the fluid could be best accomplished by the use of a trochar or insertion of a 
r catheter, since the insertion of a needle does not, as a rule, permit a complete recovery of the 
ed fluid. 
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RELATIVE EFFICIENCY OF QUINACRINE (ATABRINE) AND QUININE 
IN TREATMENT OF ACUTE ATTACKS OF VIVAX MALARIA 


By Masor Harry Most, M.C., A.U.S. 


Cou. JosepH M. Hayman, Jr., M.C., A.U.S. 


SWANNANOA, NORTH CAROLINA 


(From the Tropical Disease Section, Moore General Hospital 


Prior to the introduction of quinacrine 
(atabrine) for the treatment of malaria, 
the medical profession and the public had, 
for centuries, accepted quinine without 
question as the best available drug for the 
treatment of malaria. 

Quinacrine was introduced as a new 
anti-malarial drug in 1931 and was said 
to be effective in controlling acute attacks 
of malaria in 5 days during which time a 
total of 1.5 gm. had been administered by 
mouth. Early clinical trials in the field 
proved its value although it soon became 
apparent that the originally advocated 
regimen of 0.1 gm. three times daily for 
5 days would have to be revised upwards 
so that not only would the total dose be 
greater but the amount given the first 
day also considerably increased, for prompt 
control of fever and symptoms especially 
in falciparum infections. 

The curtailed supply of quinine as a 
result of war developments placed the 
major burden of malaria therapy on quina- 
crine. Extensive coéperative studies by 
military and civilian research groups on 
the pharmacology of quinacrine led to a 
more rational understanding of the rela- 
tion of drug dosage, plasma level, and 
effectiveness in the treatment of acute 
attacks of malaria as well as clinical sup- 
pression. As a result of these studies 
specific recommendations for its use have 
been adopted with success by the military 
forces. 

Nevertheless, the civilian medical pro- 
fession has been reluctant to accept quina- 
crine freely and in many instances it has 
been prescribed grudingly only because 
quinine was not available. Numerous 
allegations of poor results are known for 


the most part to be the result of improper 


dosage. 

The purpose of this paper is to present 
a comparison of the relative efficiency of 
quinine and quinacrine in the treatment 
of acute attacks of vivax malaria. 


Treatment Schedules. A. Quinacrin 
Three hundred and ninety-seven consecutive 
patients with acute clinical attacks of vivax 
malaria with fever and parasitemia wer 
treated with quinacrine as follows: All 
treatment for purposes of uniformity was 
begun on the morning following the onset 
of the current attack. On this day referred 
to as Day 1 quinacrine dihydrochloride 4 
tablets = 0.4 gm. was given after breakfast 
3 tablets = 0.3 gm. after lunch and 3 tablets 
= ().3 gm. after supper making a total of 10 
tablets or 1 gm. on the Ist day. On days 
2 to 7 inclusive, 1 tablet of 0.1 gm. was 
given 3 times daily after meals so that a 
full course consists of 2.8 gm. during 7 days 
of therapy. Parasite counts were done twic' 
daily and continued until negative for 3 con- 
secutive days. Plasma quinacrine levels were 
determined on the 2d and 8th days. Clinical 
response was followed by daily rounds at 
which time all signs and symptoms possil 
related to malaria or quinacrine were entered 
on special study forms. The patients leit 
the wards on the 8th day and 200 of th 
were followed at a convalescent and rec 
ditioning area for 120 days or until relap 
During this interval smears were examined 
twice weekly and in the event of parasiten 
the temperature was recorded 4 times d: 
until the next smear. A temperature ris 
over 100° F. by mouth associated wit! 
positive smear was considered a relapse a 
the patient was readmitted to a ward 
further observation and retreatment. 

B. Quinine. One hundred consecutive 
clinical attacks of vivax malaria were treatod 
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1 quinine as follows: As with the quina- 
e group, all treatment was started on the 
ling after the onset of the current at- 
On Day 1, quinine sulphate in dis- 
egrating tablets was given at exactly 


8-hour intervals. Each dose was 1 gm. 
so that 3 gm. were administered on the 
ist day. On Days 2 to 14 inclusive, 0.65 gm. 


ere given 3 times daily at 8-hour intervals 
so that a total of 2 gm. were administered 
daily for each of the 13 days. Thus, a course 
f treatment consisted of the administration 
29 gm. of quinine sulphate during 14 
days. Parasite counts were done twice daily 
intil negative in thick drops for 3 consecu- 
tive days. Minimum and maximum plasma 
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Results. A. Control of Parasitemia. The 
rate of disappearance of parasites from 
the peripheral blood during administra- 
tion of quinacrine and quinine, and their 
relative efficiency in this respect is shown 
in Chart 1. Within 12 hours after the 
first dose of quinacrine some patients 
This did 
At 24 hours, 
26% of patients receiving quinacrine were 
but receiving 
quinine. At 48 hours the percentages were 


already had negative smears. 
not occur with quinine. 
parasite free, 


, "oO 
only 7% 


77 and 44, respectively. At 72 hours only 
4% of patients receiving quinacrine still 


SMEARS 


% OF PATIENTS WITH NEGATIVE 


48 


QUINACRINE 2.8G - 7DAYS (397 PATIENTS) 
QUININE 


290G- I4 DAYS (100 PATIENTS) 


| 
| 


72 


HOURS AFTER FIRST DOSE OF DRUG 


l Rate 


of disappearance of parasites during treatment of 497 acute attacks of vivax malaria 


with quinacrine or quinine. 


nine determinations were performed on 
‘peciinens obtained on the 2d, 7th, and 14th 


lays of treatment. Clinical response was 


letermined by daily rounds at which time 
s and symptoms possibly related to 
al or quinine were recorded on special 
tudy forms. The patients left the wards on 


h day and were followed in a conva- 
area for 120 days or to clinical re- 
In the interval, smears were examined 
eekly and in the event of parasitemic 
lapse the patient’s temperature was re- 
+ times daily until the next smear. 
aise over 100° F. by mouth occurred 
ed with a positive smear the patient 
mitted to the wards as a clinical 
or retreatment and study. 

211 1946 
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showed parasites, and all were clear at 
96 hours. With quinine, on the other hand, 
almost one-fourth still had parasitemia, 
and in a few, this persisted as long as 132 
hours. Thus, in rapidly clearing the 
peripheral blood of malarial parasites, 
quinacrine is obviously significantly supe- 
rior to quinine. 

B. Control of Fever. 
treated patients, 7% had a temperature of 
100.2° F. by mouth or higher on the 2d 
or 3d days of treatment, and 10% of the 
quinine treated group had fever using the 
same criteria. While there is no significant 


Of the quinacrine 


difference between both drugs in their 
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effectiveness in controlling fever, the con- 
tention frequently advanced that quinine 
should be used for treatment during the 
first few days of an acute attack because 
of its superiority in controlling fever 
quickly is not borne out in this study. 
Further, in the treatment of delayed 
primary attacks of vivax malaria, 32% of 
patients who received quinine had fever 
on the 2d or 3d days after the beginning 
of treatment, while only 16% of delayed 
primary attacks treated with quinacrine 
had fever on the 2d day or subsequently 
after treatment was begun. Thus, quina- 
crine is more effective than quinine in 
controlling the fever of a delayed primary 
attack and is just as effective as quinine 
in controlling the fever of relapses. 

It is difficult 
to evaluate data on such symptoms as 


C. Control of Symptoms. 


headache, backache, nausea, malaise, and 
weakness which are usually present for a 
few days in a treated attack of malaria in 
relation to the effect of any drug therapy 
in controlling them. Statistically there is 
little difference in the duration of these 
symptoms during treatment with quinine 
or quinacrine. However, one gains the 
clinical impression that these symptoms, 
particularly the weakness, are more strik- 
ingly and more promptly controlled during 
treatment with than with 
The patients are anxious to get 


quinacrine 
quinine. 
out of bed sooner, leave less food on their 
trays, and complain less of weakness or 
other symptoms during treatment with 
quinacrine than those receiving quinine. 
The latter remain in bed longer, seem more 
apathetic, and eat poorly in comparison 
to the quinacrine treated patients. Vomit- 
ing, abdominal pain and abdominal tender- 
ness are controlled equally well with either 
drug. 

On the whole it is the feeling of all the 
ward officers concerned in the management 
of these patients that quinacrine is more 
effective in promptly controlling the symp- 
toms of an acute attack of malaria than 
quinine. 

D. Toxicity. No major toxic manifesta- 
tions were encountered during the ad- 
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Patients who 
were reluctant to take quinacrine because 
of alleged previous intolerance were given 
the drug in colored capsules without their 
knowledge of the contents and responded 
well without symptoms of any kind. Per- 
sistent vomiting associated with the mala- 


ministration of quinacrine. 


ria attack was controlled by withholding 
fluids and food by mouth and by intra- 
venous glucose prior to the administration 
of quinacrine. When the drug was given 
after several hours freedom from vomiting, 
this did not recur. 

Central nervous system signs or symp- 
toms were not encountered in relation to 
quinacrine therapy in this series. ‘Two 
patients with severe eczematoid dermatitis 
suffered a flare up of their skin disease 
However, 
several patients with eczematoid derma- 
titis and acute 
specific antimalarial therapy likewise had 
flare ups of the skin process and many 
others with eczematoid 
malaria suffered no ill effects from quina- 
Nevertheless, it is our belief that 
patients with eczematoid or exfoliative 


during quinacrine therapy. 


malaria not receiving 


dermatitis and 
crine. 


dermatitis and acute malaria should not 
receive quinacrine if they have had this 
drug before. 
Gastrointestinal symptoms controlled 
as previously described were not aggra- 
Patients with eczema- 
toid or exfoliative dermatitis and malaria 
had no activation of the skin 
attributable to quinine. One patient re- 
ceiving quinine developed acute thromo- 


vated by quinine. 


prt CESS 


penia, purpura, and severe angioneurotic 
edema of the face on the first day of treat- 
This patient was subsequently 
found to be extremely hypersensitive to 
quinine. Such a reaction though pot un- 
known is admittedly very uncommon. A 
fairly high proportion of the quinine 
treated patients complained of severe and 
annoying tinnitus, buzzing, and fullness 
in the ears or head. In many instances 
this seemed to retard prompt and full 
recovery from the symptoms of the acute 
attack. 


ment. 


On the basis of possible toxicity related 
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to quinacrine or quinine the only points 
in favor of either drug are the absence of 
tinnitus with quinacrine. With either drug 
rare cases of idiosyncrasy or sensitization 
may be encountered. 

Kk. Effect on Relapse Rate and Interval to 
Relapse After Treatment. Approximately 
80% of Pacific infections relapsed within 
the period of observation of 120 days, 
whether treated with quinacrine or quinine. 
Thus, neither drug has any advantage with 
regard to the subsequent relapse rate as 


measured by 4 months’ observation. 
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occur during the first 30 days and none 
in less than 21 days. At the end of a 
month only 9% of the treated patients 
relapsed compared to 55% of the quinine 
treated patients. At 40 days the relapses 
are 25% and 67 %, respectively, for quina- 
crine and quinine. In other words at 
40 days, 87% of the patients finally ob- 
served to relapse after quinine have done 
so while only 30 % of those finally observed 
to relapse after quinacrine have done so 
in the first 40 days after treatment. At 
60 days the maximum observed relapse 


——— QUININE 
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CUMULATIVE RELAPSE RATE - % OF ePATIENTS TREATED 
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DAYS FOLLOWING COMPLETION OF TREATMENT 
CH ».—Relapse rates and intervals to relapse following treatment with quinacrine or quinine of 


250 acute attacks of vivax malaria of Pacific origin. 


On the other hand there is a striking 


difference in the interval to relapse fol- 
lowing treatment of acute attacks of vivax 
malaria with quinacrine or quinine. The 
cumuiative relapse rates of the patients 
treated and observed to relapse or for 
120 sas well as the interval to relapse 
is shown for both drugs in Chart 2. 

_ Relipses following treatment with quin- 
ine begin as early as 12 days after com- 
plet if treatment and occur frequently 


during the first 30 days so that at the 
end of a month 55% of the entire group 


have upsed. On the other hand follow- 
ing 


re 


tment with quinacrine, few relapses 


rate of 80% in the quinine treated group 
has been reached, whereas following quina- 
crine the maximum observed relapse rate 
of 80% was not closely approached until 
90 days and not actually reached until 
120 days. This means that 30% of the 
observed relapses after quinacrine oc- 
curred after 60 days, while practically no 
relapses were observed later than 60 days 
after quinine. The mean interval to relapse 
following quinacrine is 53 days compared 
to 22 days following quinine. 

Since neither drug materially influences 
the relapse rate, it is desirable to select 
a regimen which produces the longest pos- 
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sible interval to relapse. In this respect 
quinacrine is obviously very much better 
than quinine not only in effecting a longer 
interval to relapse by at least a month, 
reducing to a minimum relapses within 
30 days, and providing in at least 30% of 
relapses an interval longer than 60 days. 

Conclusions. 1. Quinacrine is superior 
to quinine in the treatment of acute at- 
tacks of vivax malaria for the following 


reasons: (a) More prompt and effective 


EFFICIENCY OF 


QUINACRINE AND QUININE 


control of parasitemia and symptoms; 
decidedly longer interval to relapse fol- 
lowing completion of treatment; (¢) ab- 
sence of disturbing symptoms of cinchon- 
ism. 

2. Quinacrine given according to the 
dosage plan described is more effective 
than quinine in controlling the fever of 
delayed primary attacks and is as effective 


in promptly controlling fever in relapses 
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QUALITATIVE CHANGES IN FIBRINOGEN WHICH INFLUENCE THE 
ERYTHROCYTE SEDIMENTATION RATE AND THE CLOT 
RETRACTION TIME 


By Ira R. Morrison, M.D. 


ATCHISON, KANSAS 


[He work reported in this communica- 
tion was carried out in an effort to find the 
ingredient or property inherent in plasma 
responsible for its ability to determine the 
blood sedimentation rate. 

The blood sedimentation rate is essen- 
tially an expression of the degree of ery- 
throcyte rouleau formation or clumping. 
Large clumps of cells will fall more rapidly 
than smaller ones. Although the aggre- 
gates are not spherical, Stokes’ Law of 
Hydrodynamics, which deals with the rate 
of fall of spherical bodies in a liquid, 
depending upon their diameter, roughly 
applies.! If the actual process of sedimen- 
tation of blood in a hemocytometer is 
watched through a microscope tipped to a 
horizontal position, the large clumps of 
cells will be seen to fall rapidly, the single 
erythrocytes will fall slowly and at prac- 
tic the same rate regardless of the 
sedimentation rate of that particular speci- 
men of blood plasma, unless their speed is 
tel rarily altered by eddy currents such 

produced by nearby rapidly falling 
clumps of cells. 

Blood sedimentation rates are due to 
constituents of, or properties inherent in, 


plasma.! The erythrocytes play merely a 


passive réle. Considerable investigation 
has heen carried out in an effort to deter- 
mine why two different plasmas of prac- 
tica identical physical and chemical 
characteristics should cause widely differ- 
ent erythrocyte sedimentation rates. The 
vie factual results has not been great. 

If Llood is deprived of its fibrinogen by 
clo , the resulting serum will have lost 
wh: r ability the plasma had to pro- 
duce erythrocyte rouleau formation. This 
act cates that fibrinogen is the ingre- 
dient i: blood that determines the erythro- 
eyte limentation rate. Investigators 


lave tailed, however, to demonstrate any 


consistent relationship between the con- 
centration of blood fibrinogen and the 
In these in- 
vestigations, fibrinogen was presumed to 


blood sedimentation rate. 


be of the same composition in all bloods. 

The ingredient in plasma sought for was 
found to migrate to the positive pole when 
plasma was subjected to an external field 
of electrical force. It failed to pass through 
a semi-permeable membrane, such as cel- 
lophane interposed in the field. These 
findings point to a large negatively charged 
molecule as the ingredient sought; any of 
the blood proteins may answer this de- 
scription. 

Fibrinogen of plasma samples was ex- 
tracted by the common salting-out tech- 
nique and redissolved in physiologic saline 
solution. Washed erythrocytes were found 
to manifest essentially the same degree of 
stability in these fibrinogen solutions as 
they did in the blood plasmas from which 
the fibrinogen samples were extracted. 
This finding more definitely points to 
fibrinogen as the constituent of plasma 
that determines the blood sedimentation 
rate. Although such evidence is confirma- 
Therefore, it 
was decided to find and study a simpler 
suspensoid which might simulate the blood 
sedimentation reaction. It was thought 
that examination of such a suspensoid 
might reveal facts that would lead to a 
more thorough understanding of the blood 
sedimentation reaction. An outline of the 
steps taken in the work that led to the 
opinions herein submitted may be of in- 
terest. 


tory, it is not conclusive. 


Procedure. A suspension of washed cells 
of commercial compressed yeast in a col- 
loidal solution of gelatin was found to be a 
simple mixture that could be made to mimic 
the blood sedimentation reaction. The hem- 
agglutination of erythrocytes by gelatin was 


| 
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described in 1920 by Karsner and Hanzlik.‘ 
An increase in the blood sedimentation vel- 
osity following the intravenous use of gelatin 
solutions therapeutically has been reported.’ 

Blood sedimentation velocities were sim- 
ulated by packed cell volumes of 10 to 33°% 
yeast cells in 0.25 to 5% aqueous solutions 
of gelatin. The rate could be diminished by 
diluting the suspensoid with water. It could 
be accelerated by increasing the temperature 
of the solution or by tipping the containing 
test tube from the perpendicular, as is the 
case when sedimenting blood is subjected to 
these influences. The yeast sedimentation 
rate could be rechecked after shaking the 
tube enough to resuspend the cells. The 
possibility of specifie gravity being an im- 
portant factor in the process was discredited 
in light of the fact that the addition of 
gelatin to water increases its specific gravity, 
but also increases the solution’s ability to 
produce a rapid sedimentation of yeast cells. 

Yeast cells lend themselves well to this 
type of experimental work, because they are 
able to withstand relatively wide excursions 
of osmotic pressure, temperature, and pH 
changes. Sedimentation rates of yeast cells 
in plasma samples were slightly slower than, 
but paralleled those of erythrocytes. The 
yeast used was commercial compressed yeast 
or Saccharomyces Cerevisial Hansen.’ The 
cells have a density of approximately 1.0 
to 1.1; they are oval in shape, and quite 
variable in size, measuring from 5 to 7 
microns on the short axis, and from 7 to 9 
microns on the long axis. They carry a 
negative electric charge in aqueous suspen- 
sion. Red blood cells carry a negative charge 
in plasma.! 

In the first series of experiments, solutions 
of commercial gelatin were used as the dis- 
persing phase. The degree of sedimentation 
of yeast cells or erythrocytes was found to be 
directly proportional to the concentration of 
gelatin in the suspending solution, up to 
about 5%. Greater concentrations of gelatin 
were too viscous, and jelled too rapidly to 
be tested. 

Commercial gelatin is commonly a mixture 
of two types of gelatin.’ One type is pre- 
pared from an acid-treated precursor, to 
yield a gelatin positively charged in aqueous 
solutions, its pH is about 4.0, its isoelectric 
point is pH 7.8 to 9.3. The second type is 
prepared from an alkaline-treated precursor, 
to yield a gelatin negatively charged in 


aqueous solutions. Its pH is about 6.0, its 
isoelectric point is approximately 4.7. Thi 
hydrophilic properties of both of these gela- 
tins are dependent on pH, and also the pH in 
relation to the isoelectric point. For instance, 
the first type shows a minimum water ab- 
sorption at pH 8.0, and its ability to absorb 
water increases on either side of this point 
The second type shows a minimum water 
absorption at pH 4.7, and its ability to 
absorb water increases with changes away 
from this, its isoelectric point. Samples of 
each of these two types of gelatin were 
secured from a reliable concern. 


Yeast cells sediment rapidly in aqueous 
solutions of negatively charged gelatin, 
but very slowly in aqueous solutions of 
positively charged gelatin (Fig. 1). The 
same reaction was noted when erythro- 
cytes were substituted for yeast cells, and 
physiologic saline for water (Fig. 2). 

The difference in sedimentation velocity 
of the cells in the two gelatin solutions 
was at first thought to be due to the differ- 
ence in electrical charge carried by the 
gelatin. Further experimentation proved 
that the pH of the solution, rather than 
the type of charge carried by the colloid, 
was responsible for the difference. Solu- 
tions of negatively charged gelatin caused 
little sedimentation of yeast cells in a 
solution at a pH of 4.7, which is its iso- 
electric point, but a very rapid rate at a 
pH of 8.0. 


reacted similarly in relation to its iso- 


Positively charged gelatin 


electric point. The rate of sedimentation 
of yeast cells was found to be directly 
proportionate to the degree of water ab- 
sorption of gelatin at the pH of the solu- 
tion in question. The larger the amount 
of unbound water, the greater the stability 
of the suspensoid, indicating that the indi- 
vidual cell may require a certain amount 
of unbound water to maintain suspension. 

The pH of each of a series of tubes of 
25% yeast in a 2% solution of negativel) 
charged gelatin, was adjusted to represent 
the greatest range of pH the cells « uld 
tolerate. After standing for 1 hour the 
amount of cellular sedimentation in each 
tube was noted, and the results rec ded 
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n graphic form. The degree of sedimenta- 

mn was not uniformly progressive with 
changes in pH. The graphic result was a 
series of waves increasing in amplitude 
from the pH range producing the least to 
that producing the greatest sedimentation 
elocities. Erythrocytes could not be sub- 
ected to such testing because of their 
ntolerance for pH changes. 

This finding suggested the possibility 


it gelatin may be composed of fractions 


Fig. 1 


set up 


| 


which differ in the way they affect the 
sedimentation of yeast cells at a given pH. 
Therefore, gelatin was fractionated by the 
common salting-out technique. The vari- 
ous fractions were found to differ consider- 
ably in physical and chemical character- 
istics. It is not within the scope of this 
paper to point out in detail the differences 
in the various fractions of gelatin. Suffice 
it to say that they differ in consistency, 
texture, pH, isoelectric point, solubility in 


Fic. 2 


Each tube in this photograph contains a 10% packed cell volume of yeast cells suspended 
ites in a solution of 2% gelatin in water. The gelatin in the tube to the left carries a negative 
at in the tube to the right bears a positive charge. 

I Che tube to the left is of 40% packed cell volume of washed erythrocytes in a solution of 
“/o% ely charged gelatin in physiologic saline. The tube to the right is of the same composition 
t the gelatin in this tube bears a positive charge. Photograph was taken 30 minutes after 
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water, solubility in relation to tempera- 
ture, ability to produce aggregates of yeast 
cells or erythrocytes, and optimum pH 
required for clumping of these cells. The 
first fractions to be salted-out precipitated 
as a rubber-like, gummy, tenacious mass. 
When 


capable of producing a rapid sedimenta- 


redissolved, these fractions were 
tion of yeast cells or erythrocytes. Those 
fractions, which were salted-out only by 
greater concentrations of saturated solu- 
tion of ammonium sulfate, produced a 


precipitate which was flaky, rather than 
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but slight ability to cause erythrocyte, or 
veast cell clumping. 

The finding that gelatin is composed of 
certain fractions which are able to induce 
erythrocytes to form aggregates, and other 
fractions which are relatively inert in this 
respect, led to the assumption that blood 
fibrinogen may be similarly composed. 
Because its plasma produces a rapid sedi- 
mentation rate, the fibrinogen of women 
trimester of 


in the last pregnancy was 


studied. It was found to resemble gelatir 


in that it, too, could be fractionated bj 


flocculant. On redissolving, they exhibited the usual salting-out technique. It also 
c 
| 

Fic. 3.—Fibrinogen from a single blood sample was fractionated into 3 parts by the common ing 


out technique. Each fraction was redissolved in sufficient physiologic saline to make a 0.1% so! tion 
Four cc. of washed erythrocytes were suspended in 6 cc. of each of the fibrinogen solutions. This to- 
graph was taken 30 minutes after the tubes were set up. They show the influence of various fract ! 
fibrinogen upon the sedimentation rate. The figures below the tubes indicate the percentage of sat 
solution of ammonium sulfate employed to precipitate out each of the fibrinogen fractions 
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was found to be composed of fractions 
which were very active in causing a rapid 
erythrocyte sedimentation rate, and other 
fractions which were relatively inert in 
this respect (Fig. 3). Like gelatin, the 
fractions salted-out by the least amount of 
saturated solution of ammonium sulfate, 
caused a relatively flocculent precipitate 


ate to the erythrocyte sedimentation vel- 
ocity. 

Contractinogen precipitates out when 

ry 

plasma is subjected to cooling. The 
amount of precipitate depends on the 
amount and type of contractinogen in the 
plasma, and the degree of cooling; this 


reaction is reversible. The plasma of a 


which settled as a tenacious, rubbery 


mass. These fractions were found to be 
the ones most active in producing a rapid 
erythrocyte sedimentation velocity. One 
part of a saturated solution of ammonium 
sulfate to five parts of plasma, produces a 


solution 


1 or 165 %, of which is the salting- 
out solution. Ordinarily no great amount 
of blood protein is expected to be separated 
out of plasma by such a low concentration 
of this salting-out agent. However, at 
this concentration there is a considerable 
amount of blood protein separated out in 
those plasmas which produce a_ rapid 
erythrocyte sedimentation velocity. In 
our laboratory this group of proteins was 
called “contractinogen,” because of cer- 
tain physical characteristics which will be 
subsequently described. For convenience 
of expression, they will be referred to as 
The clot 
formed by contractinogen will be referred 
to as ‘‘contractin.” 


such in this communication. 


It is not to be inferred 
that these are newly-discovered blood pro- 
teins, but rather that they are part of a 
“fibrinogen complex” which may assume 
qualitative changes during pregnancy and 
in certain disease conditions. 


ractinogen is the first of the blood 


proteins to be salted-out upon the addition 
of a irated solution of ammonium sul- 
ate blood plasma; next comes the 
remi g portion of the fibrinogen com- 
plex and so forth. In bloods which mani- 
errr li Fic. 4A Fibrinogen which was salted out by a 
a rapid blood sedimentation rate Con- — 16.7¢7 solution of saturated solution of ammonium 
trac een may constitute as much as a _ sulfate was redissolved in water and allowed to clot. 
third what is ordinarily considered The photograph is of a test tube nearly filled by 
ere the newly formed clot which has not yet begun to 
ibrinoven. The amount is smaller in those retract. 
blood hich manifest a slower blood Fic. 4B.—This photograph, taken 5 minutes 
later, is of the same clot shown in Figure 4A. In 
sedim ition velocity. In a series of 90 _ the interim the clot had been freed from the side 


blood walls of the test tube and allowed to retract down 


to the small, dark mass seen in the bottom of the 
tube. 


iples, the amount of contractin- 


ogen was found to be directly proportion- 
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blood with a rapid sedimentation rate will 
become turbid and slowly form a precipi- 
tate of contractinogen at near freezing 
This insolubility could ac- 
influence of 


temperatures. 
count for the temperature 
upon the blood sedimentation rate. 
Contractinogen clots as a delicate white 
elastic mantle. In an aqueous solution in 
which the process is not impeded by blood 
cells, contractinogen clots more rapidly 
and manifests a greater ability to retract 
than does fibrinogen. Upon being freed 
from the side walls of the containing test 
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been allowed to stand for several hours, 
It also suggests a difference in the mechan- 
ism of clotting of contractinogen and 
fibrinogen. Experimental evidence was ac- 
cidentally found which supports the opin- 
ion that various fibrinogen fractions reveal 


Blood 


fibrinogen may be shown to clot not just 


different clotting characteristics. 


once, but rather to produce a succession 


of clots. A suecessful demonstration of 


these phenomena requires that each suc- 


cessive clot be allowed to retract soon 


FLUID EXPRESSED 
CLOTS 


FROM 


Fic. 5. 


This photograph is of a clot within a clot. 


Each clot was formed from the same aqueous 


solution of fibrinogen. The first clot was separated from the side walls of the test tube and allowed t 


retract soon after it formed. 


The clear fluid expressed from the clot formed slowly into a second clot 


Che second clot, as did each succeeding one, revealed decreasing ability to retract. 


clot down 
within a few minutes to a small part of 
its original volume (Figs. 44 and 4B). The 
presence of a soft, frail, mantle-like con- 
tractile clot may be 
with a fast sedimentation rate 
which are diluted beyond their ability to 
form a definite fibrin clot. 
Contractinogen gradually clots out of 
blood plasma upon standing in vitro, in 


tube, such a may contract 


demonstrable in 


bloods 


spite of the presence of such anticoagu- 
This may 
help to explain why the blood sedimenta- 


lants as oxalates and citrates. 


tion rate becomes slower after blood has 


This work will 

be reported in a subsequent paper. 
Hirschboeck and Coffey, in a study 0 

the clot retraction time in thrombophleb- 


after it is formed (Fig. 5). 


itis and pulmonary embolism, noted a cor- 
relation between the rapidity of clot retrac- 
tion and erythrocyte sedimentation.’ 
inferred from a report by Ham and ‘ 
that the erythrocyte sedimentation rat 
was chiefly dependent on the fibrinoge? 
level of the blood plasma. This is : 
not shared by most investigators in this 
field. In their opinion, the increase 1 the 
amount of fibrinogen led to an increse iD 
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e fibrin matrix of the clot. They con- 
idered this responsible for a more rapid 
and forceful retraction. I concur in the 
opinion that those bloods with a rapid 
erythrocyte sedimentation rate may be 
expected to demonstrate a rapid clot re- 
traction time. It is my opinion that qual- 
itative, rather than quantitative changes 
in the fibrinogen are the basis for this 
behavior. Accordingly, a rapid erythro- 
cyte sedimentation rate or a fast clot re- 
shift of the 
fibrinogen complex toward those compo- 
nents which are most readily salted-out of 
plasma upon the addition of saturated 
solution of ammonium sulfate. 
Summary and Conclusions. 1. 
pension of yeast cells in aqueous gelatin 


traction time indicates a 


A sus- 


solutions may be made to mimic the 


erythrocyte sedimentation reaction. 

2. The yeast cell sedimentation rate in 
gelatin solutions is dependent upon the 
composition and concentration of the gela- 
tin; the electrical charge the gelatin car- 
ries; and the pH of the solution. 

3. The findings, as set forth in this 
paper, might well be used to advantage to 
combat the production of rouleau forma- 


tion following the therapeutic use of gela- 
tin solutions intravenously. 

4. Certain fractions of gelatin are re- 
sponsible for its ability to produce a rapid 
sedimentation of yeast cells or erythro- 
cytes. These fractions are the first to be 
salted-out upon the addition of a saturated 
solution of ammonium sulfate to a gelatin 
solution. 

5. Fibrinogen may be divided into com- 
ponent parts by the common salting-out 
technique. These component parts dis- 
play unlike physical characteristics. 

6. The fibrinogen fractions first to be 
salted-out upon the addition of saturated 
solution of ammonium sulfate to plasma 
are the ones most active in producing 
a rapid erythrocyte sedimentation rate. 
These fractions precipitate out upon cool- 
ing and gradually clot out upon standing, 
even in the presence of anticoagulants. 

7. Fractions of fibrinogen differ in clot- 
ting characteristics. 

8. The fractions of fibrinogen which de- 
termine the erythrocyte sedimentation 
rate are probably the same ones which 
determine the speed and degree of clot 
retraction. 
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From the Department of Medicine, Bowman Gray School of Medicine and the North Carolina 
Baptist Hospital 


PREMATURE contractions, or extrasys- 
toles, may arise in various parts of the 
heart; the auricles, ventricles, or various 
points in the conduction system. For the 
most part, their occurrence is not signifi- 
cant, and in themselves premature beats 
do not indicate an abnormality in the 
heart. In some individuals premature 
beats may occur so infrequently that they 
are never appreciated by the individual, 
whereas in others they may be so frequent 
and persistent that they may become a 
source of anxiety and at times may be 
incapacitating by virtue of the symptoms 
and anxiety they cause. 

The cause of premature beats of the 
heart is not known. Over-exertion, excite- 
ment, emotional stress and strain and 
fatigue are factors often related to their 
occurrence. Coffee, tea, alcohol, tobacco 
and certain drugs, for example, digitalis, 
may also produce premature beats. Ex- 
perimentally, they may be produced by 
direct mechanical or chemical stimulation 
of the heart or by stimulation of the auto- 
nomic nervous system. They may be 
produced by vagal stimulation, either di- 
rectly or reflexly or by stimulation of 
the sympathetic division of the autonomic 
nervous system. Allen'?* has produced 
premature ventricular beats resulting in 
bigeminal rhythm in rabbits by mechanical 
stimulation of the nasal septa and has 
shown that the stimulus is transmitted 
through the sympathetic nervous system. 
The work of Beattie and Brow (cited by 
indicates the 
center in the brain that is concerned with 


Levine’) presence of a 
the formation of premature beats of the 
heart. It is clear then that while a number 
of facts are known about premature beats, 


the actual mechanism of their production 
is unknown. There is some evidence for a 
structural neurogenic basis for them. 

When a premature ventricular beat reg- 
ularly follows each normal contraction, 
a bigeminal or coupled rhythm results. 
The commonest cause of such a rhythm is 
overdosage of digitalis. In other instances 
it may be due to organic heart disease. It 
may occur when premature beats arise in 
the auricles or the auriculoventricular nod 
as well as when they arise in the ven- 
tricles. Rarely it may be caused by 3:2 
heart block when every third auricular 
beat is blocked and fails to reach the ven- 
tricle. Finally, a persistent coupling of the 
rhythm due to premature ventricular 
beats may occur in apparently normal, 
healthy individuals in the absence of an) 
recognizable cause. It is with these cases 
that this report is primarily concerned 

During the period from April 1, 141, 
through October 1, 1944, a total of 3754 
electrocardiograms were made in the heart 
station of the North Carolina Baptist Hos- 
pital in Winston-Salem, North Carolina. 
An electrocardiographic diagnosis of bi- 
geminal rhythm was made in 33 instances. 
In 31 of these cases the bigeminal rhythm 
was due to premature ventricular beats; 
in 2 it was due to premature auricular 
beats. In 12 of the 33 patients the bigem- 
inal rhythm occurred in the presence of 
well marked heart disease; in 13 patients 
it had been induced by digitalis overdos- 
age; while in 8 patients the arrhytlimia 
occurred in the absence of organic heart 
disease or of digitalis (Table 1). ‘These 
patients are of particular interest, since 
none of the usual causes of bigeminal 
rhythm were present. 
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uur of the 8 patients in whom evidence 
eart disease was lacking had very fre- 
premature 
and the coupled rhythm occurred 
intermittently and in short runs. 
se 4 patients exhibited no positive evi- 


occurring 


ce of heart disease, although its absence 
ld not be stated with certainty, since 3 
hem were past 67 years of age, and all 


| considerable arteriosclerosis. 


TABLE 1 
Underlying cause 


Organic heart disease 
Digitalis 


No demonstrable cause 


Total 


4 careful examination 
ied to eliminate the presence of organic 
t disease. Here again the premature 
ts came frequently and irregularly, 

only short periods of 
Both patients were 
iles in whom profound emotional fac- 


In | patient the pre- 


occasional 
minal rhythm. 


were operating. 


ature beats completely disappeared after 


disturbance 
controlled. The other patient did not 
md well to psychotherapy, and at the 
of discharge from the hospital, pre- 


fundamental emotional 


re beats were still occurring rather fre- 
tly, although the bigeminal rhythm 
ot recurred. 
ally, there were 2 patients who ex- 
da persisting bigeminal, or coupled, 
m. Neither of these patients. had 
disease nor any known cause for the 
thmia. The first was a 12 year old 
lly deficient girl. She had been ad- 
| to the hospital because of con- 
| nystagmus and a congenital web 
larynx. The bigeminal rhythm was 
premature ventricular beats. Phys- 
mination revealed no other cardiac 
ialities. The electrocardiogram, 
for the bigeminal rhythm, was 
This patient was observed over 
ths, and the bigeminal rhythm was 
at all times. The second patient 
‘3 year old woman with rheumatoid 


BIGEMINAL RHYTHM 
arthritis. There was no evidence of heart 
disease. The only abnormality, aside from 
rheumatoid arthritis, was a well marked 
emotional disturbance related to the skel- 
etal deformity and incapacity caused by 
the arthrtis. During her 6 weeks hospital 
stay she had bigeminal rhythm with only 
occasional short periods during which the 
rhythm was normal. We have, then, ob- 
served 2 patients who have exhibited a 


THE Causes OF BIGEMINAL RHYTHM IN 33 CASES 


No. of cases 
12 
13 


constant bigeminal rhythm and in whom 
none of the usual causes of this arrhythmia 
could be discovered (Table =, 

Bigeminal rhythm is not usually thought 
of as occurring in normal individuals. The 
standard textbooks of heart disease®*®’ do 
not mention the possibility, and in the 
English literature we have been able to 
find but one reference to such an occur- 
rence. Coogan‘ has described persistent 
bigeminal rhythm of 2 years’ duration in a 
38 year old female. This patient had been 
under considerable emotional stress and 
strain. The bigeminal rhythm and other 
symptoms disappeared immediately when 
the cause of the emotional disturbance was 
removed. Coogan also cited the case of a 
professor who had bigeminal rhythm for 
10 months while he was writing a book. 
The arrhythmia disappeared immediately 
when the strain of writing was removed. 
There are a number of references in the 
foreign literature the titles of which sug- 
gest that this condition may occur more 
frequently than the references in the Eng- 
lish literature indicate. Most of the foreign 
references are unavailable at the present 
time. 

The cause for the occasional occurrence 
of persistent bigeminal rhythm due to 
regularly occurring premature ventricular 
beats in normal persons is unknown. No 
attempt was made to determine the path- 
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ogenesis in the patients reported here. 
Quinidine was given to 1 patient (T.B.) 
without effect on the occurrence of the 
bigeminy. Coogan’s patient had a brady- 
cardia, and he postulated that the bigem- 
inal rhythm was due to ventricular escape 
from the slow sinus rate. Atropine given 
to this patient speeded the heart rate and 
abolished the premature beat for a period 


of 36 hours.4 Most of the cases have oc- 


raBLeE 2. 
DEMONSTRABLE 


of this arrhythmia when it occurs in pe 
sons with normal hearts. 

Conclusion. 1. Bigeminal rhythm due 
to premature ventricular contractions may 
occur in the absence of heart disease and 
in the absence of digitalis intoxication, or 
other detectable cause. 

2. It occurs commonly in those indi- 
viduals with irregularly occurring prema- 
ture ventricular beats, in which cases the 


BIGEMINAL RHYTHM OCCURRING IN 8 PATIENTS IN THE ABSENCE OF DIGITALIS OR 
HEART DISEASE 


\. Inconstant Bigeminy Occurring in Patients in Whom Heart Disease Could Not Be Definitely 
Ruled Out Because of Such Factors as Age and Arteriosclerosis 


Patient A ge Sex Rhythm 
M.B.E 72 F Frequent premature ventricular con- 
tractions with short, 
periods of bigeminy 
M. A. B. 67 F Same 
F. H 37 M Same 
J.O 75 M Same 


B. Inconstant Bigeminy Occurring in Patients in Whom Heart Disease Could Be Definitely Ruled Ou 
g g 1 


M. D 48 F Frequent premature ventricular con- 
tractions with short, 
periods of bigeminy 

PS 28 F Same 


Associated conditions 
Cerebral arteriosclerosis 
intermittent 


Carcinoma of breast; benign 
adenoma of thyroid 

Duodenal ulcer; pul. tuberculosis 

Empyema; latent syphilis 


Anxiety state; menopause 
intermittent 


Anxiety state; hyperven. tetany 


C. Constant Bigeminy Occurring in Patients in Whom Heart Disease Could Be Definitely Ruled Out 


J.M.P 12 F Constant 
rhythm 


1.8 33 F 


ventricular 


Persistent ventricular bigeminy with 


bigeminal Mental deficiency; congenital 
web of larynx 


Anxiety state; rheumatoid artl 


only rare and very short periods of ritis 


normal rhythm 


curred in females, and in most cases some 
emotional disturbance seemed to be an 
important factor. In those cases in which 
the bigeminal rhythm occurs only in short 
runs and is not persistent, it is probable 
that it is a chance occurrence incidental to 
the frequent, irregularly occurring prema- 
ture beats. It seems unlikely, however, 
that this is true when the coupling is per- 
sistent. The necessity for a premature 
beat to follow regularly each normal con- 
traction in order to produce the arrhyth- 
mia is evidence against this. Further study 


is necessary to determine the mechanism 


coupling of the beats usually occurs onl) 
in short, intermittent periods. Less com- 
monly it may be constant and persist for 
That the latter may 
occur in individuals with normal heart 


weeks or months. 


a fact not generally recognized. 

3. It occurs most frequently in females 
and is apparently related in most in- 
stances to some emotional disorder. | su- 
ally when the emotional disturbance can 
be eliminated, the arrhythmia will <is- 
appear. 

4. The mechanism of production of the 
arrhythmia in otherwise normal individ- 
uals is unknown. 
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FUNCTIONAL PAROXYSMAL AURICULAR FIBRILLATION 
By Capr. Artuur M. Master, (MC) USNR 


NEW YORK 


NEW YORK 


AND 


Lieut. Herpert Ercuert, (MC) USNR 


MIAMI, 


THE term uncomplicated or functional 
paroxysmal auricular fibrillation is used to 
describe the type in which no ey idence of 
organic cardiac disease can be demon- 
strated. This condition occurs frequently 
and the literature on this subject has been 
well summarized by Parkinson and Camp- 
bell® and also by Orgain, Wolff and White.*® 
This type of functional arrhythmia is fre- 
quently seen in Naval personnel. In a 
period of 3 weeks at this Naval Hospital, 
5 patients were seen in consultation suffer- 
ing from this variety of irregularity. 

The purposes of this report are to em- 
phasize the frequency with which the 
functional paroxysmal auricular fibrilla- 
tion is observed in Navy personnel (and 
presumably in the Army) and to express 
our definite conviction that patients with 
this arrhythmia should be discharged from 
the Navy or retained for limited duty 
ashore only. This conclusion is contrary 
to the one impliedin the many published 
reports®*!° which emphasize the benign 
nature of the irregularity. Furthermore 
the lessons to be learned from this study 
are directly applicable to civilian practice. 

The 5 case histories which follow present 
only the salient features. 


Case 1. R.C. C., male, age 41, weight 
142 pounds, height 65”. This patient had 
been on active duty in the Chaplain Corps, 
USN, for 23 years. His illness began 44 years 
before admission to this hospital. Suddenly, 
one evening, while he was delivering his 
usual Sunday sermon, he had become aware 
of palpitation and irregular beating of his 
heart. He felt rather faint and had to inter- 
rupt the service. Subsequently, an electro- 
cardiogram was taken and he was told by 
the physician that he had an irregular heart. 
He was given some pills which he thinks 
were quinidine. The symptoms disappeared. 

For the next 4 years he took very little 


FLORIDA 


medication, but was frequently annoyed 
by spells of palpitation of variable lengt! 
These were apt to occur at any time of the 
day or night; they usually began suddenl) 
and ended abruptly and lasted from several 
minutes to several hours. Toward the end 
of this period, he had short attacks almost 
every day, but they were never prolonged 
or severe enough to interfere with his usual 
activities. 

Late in August, 1944, he was on Saipan 
conducting burial services for battle victims. 
He had been working in the hot sun, stand- 
ing continuously for 3 hours, when he noticed 
severe palpitation and felt very dizzy. He 
was forced to lie down in the shade. Re- 
covery from this episode was prompt, but 
his medical officer ordered him to be evacu- 
ated. He arrived at the U. 8. Naval Hos- 
pital, Navy No. 10 for further treatment 

On September 17, 1944, he was seen in 
consultation. The past history was negative 
for rheumatic fever, chorea, scarlet fever and 
other significant illnesses. The general physi- 
cal examination showed amiddle aged man, 
of average build, in no acute distress or dis- 
comfort; there was no dyspnea. Significant 
findings were limited to the cardiovasculat 
system. The heart action was grossly irreg- 
ular; the ventricular rate between 90 and 150 
per minute; blood pressure was about 110,80, 
110/88. Cardiac size and contour were 
normal. No murmurs were heard. The lungs 
were clear; there were no signs of congestive 
failure. Regular sinus rhythm was readily 
induced by small doses of quinidine, but 
frequent doses were necessary to prevent 
reversion to fibrillation. 

It was ascertained that the attacks 
palpitation were more apt to occur while 
patient was lying supine, and symptors 
were alleviated in the prone position. Stana- 
ing seemed to accentuate the symptom: 
palpitation and the patient usually becaie 
dizzy if he stood for a long time or exerted 
himself. His habits were temperate 
usually smoked about 20 cigarettes per 
and drank but 1 cup of coffee. Althoug! 
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1 experimented with the possible effect of 

ese agents, he had been unable to establish 
relationship. 

During periods of regular rhythm, all 

tudies were negative. The pulse rate was 

sually slow, about 60 beats per minute or 

ghtly less. Roentgen.ray examination of 


13 Sept. 1944 


the chest was negative. Fluoroscopy of the 
heart indicated a normal size and contour 
with good pulsations. Basal metabolic rate 
was minus 5. The blood count was within 
normal limits. The Kahn test was negative. 
Sedimentation rate was normal. Psychiatric 
consultation resulted in a negative report. 


Ventricular 
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Paroxysm 


rate about 120 to 150 a minute, with an occasional premature ven 


R. R. C., male, 41, C. C., USNH, Navy 10. 


ar, 
ives; that is, no evidence of myocardial involvement. 


(Case 1.) 
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The control and the electrocardiograms after 
the ‘Master 2-step”’ exercise test were nega- 
tive. In other words, there was no evidence 
of latent coronary insufficiency. 

Without quinidine sulphate, the patient 
tended to have a daily reversion to auricular 
fibrillation. The effect of the quinidine was 
relatively transient and it was necessary to 
administer 4 or 5 tablets, each 0.2 gm. (3 gr.) 
per day in order to maintain a continu- 
ous regular sinus rhythm. Before evacuation 
the patient was able to get along with but 4 
tablets a day. He was returned to limited 
duty in continental U. 8. A., since it was 
concluded that his duties must not be ardu- 
ous and that medical attention should always 
be available. 


PAROXYSMAL 
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tating rest. No organic cardiovascular dis- 
ease was present, and no cause for the 
arrhythmia was found. During the periods 
of regular rhythm the rate was slow and 
occasional premature ventricular systoles 
were observed. Quinidine sulphate was 
necessary to maintain a continuous sinus 
rhythm. 


Case 2. D. F. W., male, age 23, weight 
170, height 5’ 11”. This patient was in the 
naval service for 2 years and had been able 
to perform his duties as an aviation machin- 
ist mate 2’¢ without any physical discom- 
fort. The past history was negative for 
significant illnesses. Six weeks before admis- 
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(Case 1.) R.R. C., male, 41, C. C., USNH, Navy 10. Paroxysmal auricular fibrillation. 


Teleoroentgenogram discloses normal heart and lungs. 


Summary. A chaplain of 41, experienced 
almost daily attacks of paroxysmal au- 
ricular fibrillation. During the battle on 
Saipan a severe episode occurred necessi- 


sion to the hospital, while engaged in |iis 
usual duties, he became suddenly aware of 
palpitation and irregular beating of his heart. 
During the following 2 weeks, these symp- 
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ns persisted but he continued at his work, 
though he avoided strenuous exertion. He 
ight medical advice and was turned into 
the sick bay. Shortly thereafter, he was 
ansferred to this hospital. On admission, 
ie did not appear acutely ill. The general 


physical examination was negative except 
the heart beat 


for the following findings: 


30 Sept. 1944 


26 Sept. 1944 


PAROXYSMAL 


AURICULAR FIBRILLATION 339 
was absolutely irregular; the apical rate was 
104 per minute, the radial pulse was 84 per 
minute; that is, a pulse deficit of 20. The 
blood pressure was 98/58. There was no 
enlargement of the heart. No murmurs were 
heard and the heart tones were good. An 
electrocardiogram indicated the existence of 
auricular fibrillation but no evidence of myo- 
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September 26, 


There is no abnormality 


ar fibrillation, 


ul auricul 
100. 


Paroxysm 
Regular sinus rhythm September 30, 1944, heart rate 


c, USNH, Navy 10. 
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cardial involvement was present; that is, 
there were no significant Q waves, the RS-T 
segments were isoelectric, and the T-waves 
upright. The patient was given quinidine 
sulphate, 0.2 gm. (3 gr.), 4 times a day. 
Two days later this was increased to 5 times 
a day, and after 2 days more it was given 
every 3 hours. After 48 hours of the latter 
dosage, the palpitation ceased abruptly and 
an electrocardiogram showed a normal sinus 
rhythm with no evidence of myocardial in- 


volvement. At this time the cardiac rate 
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No primary relationship could be estab- 
lished between the occurrence of the ar- 
rhythmia and such potential factors as body 
position, coffee or tea, or smoking. 

Summary. A young man of 23 developed 
an attack of auricular fibrillation while per- 
While the ar- 
rhythmia was present he avoided strenu- 
ous exertion. Quinidine sulphate estab- 
lished regular sinus rhythm which wa: 


forming his usual duties. 


Fic. 2B Case 2.) D. F. W., male, 21, AMM 2/c, 


USNH, Navy 10. Paroxysmal auricular fibrillati 


Teleoroentgenogram September 17, 1944 discloses normal heart and lungs. 


was 60 beats per minute, the blood pressure 
120/72. Quinidine medication was discon- 
tinued and the regular sinus rhythm per- 
sisted. Complete studies including phys- 
ical examination, electrocardiogram after 
‘“‘Master 2-step” exercise test, blood counts, 
sedimentation rate, and Kahn test were nega- 
tive. The basal metabolic rate was plus 1. 
Fluoroscopy of the chest indicated normal 
cardiac size and contour, good contractions 
of the heart, and a normal aorta. Psychiatric 
consultation disclosed nothing significant. 


maintained when the drug was withdrawn. 
A bradycardia was noted during regular 
sinus rhythm. No evidence of any organic 
cardiovascular disease was ascertained and 
no precipitating factor (for the attack 
was proven. 


F. T., Lt. Comdr., age 48, on 


Case 3. C. 
active duty for the past 3} years. 1 
patient stated that he had no serious illnesses 
prior to September, 1943. At this time, 1¢ 
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leveloped symptoms of acute appendicitis 
id at operation, a gangrenous appendix 
is removed. Surgical convalescence was 
neventful. The day following operation, an 
regular pulse was noted and subsequent 
vestigation disclosed the presence of auric- 
lar fibrillation. He received digitalis but no 
dditional facts were recorded in the health 
ecord. The patient gave the information 
that subsequent to this episode he exper- 
need daily sensations of palpitation which 
ere never severe enough to interfere with 


s duties. This palpitation would last from 
15 minutes to 2 hours. On September 2, 
1944, while at general quarters aboard a 


ittleship, he had severe palpitation and 
lapsed. He is said to have been uncon- 
ous for about 5 minutes, and when seen 
the medical officer he was clear mentally 
appeared ‘“‘ashen, pale and cyanotic.” 
The pulse was completely irregular, rate 
out 150 per minute. 
is 50/0. 


+ 


The blood pressure 
On admission to this hospital, 
iter on the same day, his only complaint 
is palpitation. The physical examination 
the time of admission was said to have 
n entirely negative except for the irreg- 


heart action. An emergency electro- 
diogram was ordered but before this 
ild be taken, the patient’s rhythm had 


erted to normal and the tracing was nega- 
It showed a regular sinus rhythm with 
no evidence of myocardial involvement. One 
ek later he had another mild attack of 
pitation but did not call the medical 
er. On September 25, the irregularity 
red suddenly and an electrocardiogram 
le during the attack showed auricular 
fibrillation with oceasional ventricular pre- 
ire systoles. This attack terminated 
iptly after several hours without the 
uid of medication. He was then placed on 
quinidine sulphate (0.2 gm.) twice a day 
as 1 prophylactic measure and did not have 
a recurrence of the fibrillation during the 
retiainder of his stay in the hospital. When 
hythm was regular the pulse rate aver- 
about 56 per minute. The patient felt 
while the attack was in progress he was 
comfortable if he would lie flat on his 
He did not smoke, but chewed to- 
He drank about 4 cups of coffee per 

day and partook moderately of beer. 
mplete studies, including electrocardio- 
exercise, blood counts, sedi- 
ition rate and Kahn tests were nega- 
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tive. Fluoroscopy of the heart showed 
normal size and contour with good pulsa- 
tions and a normal aorta. BMR was plus 3. 
Medical discharge was recommended for this 
patient since it was obvious that a recur- 
rence of the arrhythmia at a critical moment 
during the performance of his duties might 
jeopardize the safety of himself and the 
members of his command. 


Summary. A naval officer, age 48, suf- 
fered his first bout of paroxysmal auricular 
fibrillation following an operation for a 
gangrenous appendix. Subsequently he 
experienced practically daily attacks. Dur- 
ing a call for general quarters on a battle- 
ship he collapsed. While the heart> was 
irregular, the standing position accentu- 
ated the palpitation. Quinidine was essen- 
tial to maintain sinus rhythm. Premature 
ventricular systoles were often observed 
during the auricular fibrillation. During 
regular rhythm the heart was slow and 
there was no evidence of organic cardio- 
vascular disease. 


Case 4. R. E.G. (C.M.1/e). This patient 
was a 39-year-old “‘Seabee.”” He had scarlet 
fever at the age of 2 but there was no 
history of rheumatic fever, chorea or diph- 
theria. About 8 years before he had suffered 
from “‘heart trouble’’ for which he was dis- 
abled about 5 months. Details of this illness 
were unobtainable, but apparently he had 
an episode similar to that for which he was 
admitted to this hospital. During the ensu- 
ing 8 years, he had 5 similar attacks, which 
lasted from 2 days to 1 month. Three weeks 
before admission to this hospital, he noticed 
the sudden onset of a sensation of “‘gaseous 
distension” and pressure on the heart fol- 
lowed by palpitation. He felt weak and 
tired since the onset of these symptoms but 
experienced no pain or dyspnea. 

Physical examination at the time of ad- 
mission revealed no abnormalities except the 
auricular fibrillation. The heart was not 
enlarged. No murmurs were heard and no 
accentuations were present. Apical rate was 
84 and absolutely irregular; the pulse rate 


was 80. A pulse deficit of 4 was therefore 
present. Numerous moist rales were heard 


at the lung bases, but a Roentgen ray film 
of the chest taken the same day showed no 
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alterations of the lung fields. There was no 
edema of the extremities. 

An electrocardiogram taken at this time 
indicated the existence of typical auricular 
fibrillation with ventricular rate varying be- 
tween 60 to 80 a minute. However, there 
was no evidence of myocardial or valvu- 
lar involvement. The QRS complexes and 
T-waves of the electrocardiograms were quite 
normal. The patient stated that his attacks 
seemed to follow exertion and _ possibly 
indigestion. One week later, normal sinus 
rhythm supervened, without the aid of medi- 
cation. Examination of the heart at this 
time indicated normal size and contour; in 
fact the heart appeared small. No murmurs 
or significant accentuations of the heart 
sounds were noted. The blood pressure was 
112/68. Cardiovascular studies were nega- 
tive. The heart was small, with normal con- 
tour and good pulsation. The basal meta- 
bolic rate was plus 5. Blood counts, Kahn 
test, and sedimentation test were negative. 
The patient never smoked. He was evacu- 
ated to the mainland and at the time of dis- 
charge the cardiac function and rhythm were 
perfectly normal. 


Summary. A 39 year old man developed 
attacks of paroxysmal auricular fibrilla- 
tion, related to “gaseous distention” and 
exertion. He felt weak and tired. On 
admission he was probably in congestive 
heart failure for a very short time. Sub- 
sequently no evidence of organic cardio- 
vascular disease was obtained. The ven- 
tricular rate was slow even during the 
arrhythmia. 


Case 5. B.H.MeM., male, age 35, weight 
145, height 5’ 9”. This patient was aware of 
palpitation for the past 15 years. At the 
inception of these attacks the palpitation 
was mild, but as the years passed these 
sensations became more pronounced and 
more frequent. At times he noticed only 
isolated and short sensations of irregular 
beating. At other times, the unsystematic 
heart behavior became established for from 
several minutes to several hours. The dura- 
tion of the longest attack was 4 hours. The 
paroxysms began and ended abruptly and 
were apt to occur after meals either in the 
morning or the afternoon. The patient asso- 
ciated a feeling of distension with the onset 
of these attacks. He did not know how the 


irregularity was affected by exercise becaus« 
ne remained very quiet while the palpita- 
tion was present. When he was not having 
symptoms he could exercise vigorously but 
he noticed that the attacks were apt t 
come on afterwards, while he was resting 
Relief of gastric distension was obtained by 
taking Coca-Cola or Alka-Seltzer, whicl 
often caused the palpitation to disappear. 

The past history was entirely irrelevant 
He had been a refrigeration engineer befor 
being drafted into the service 4 months pre- 
viously. Since being in the service his duties 
consisted solely of acting as master-at-arms 
of the barracks. This did not entail any 
heavy physical or mental strain, yet the 
patient felt that he had been more nervous 
since being in the service than at any other 
period of his life. The patient used to be a 
heavy drinker but he had been very abstem- 
ious during recent years. He smoked 20) 
to 40 cigarettes and drank 2 to 4 cups of 
coffee per day. 

With the exception of evidences of marked 
emotional instability, the physical examina- 
tion was negative. When the rhythm was 
regular the rate was about 80 per minute 
the blood pressure was 122/66. Cardiac size 
and contour were normal. No murmurs 0! 
abnormal sounds were present. 

A typical attack occurred about 1 hour 
after breakfast on the day of the first exam- 
ination. At this time the rhythm was 
totally irregular. The apical rate was about 
150 beats per minute with a radial pulse 
deficit of about 10 to 15. The bout persisted 
about 15 minutes, after which the heart 
became regular with an occasional premature 
systole. The patient had been having a 
similar attack practically every morning o! 
2-week period prior to his admission to th 
hospital. Electrocardiograms taken during 
a typical attack revealed auricular fibrilla- 
tion. There was no evidence of myocardial 
damage. During periods when normal 
rhythm ensued the electrocardiograms were 
normal. Laboratory studies including Kal 
test, urinalysis, blood count, sedimentati 
rate, and basal metabolism were negative. 


Summary. <A 35 year old refrigerati 
engineer with a 15-year history of frequent 
episodes of rapid irregular heart action. 
During the attacks the patient had to 
remain absolutely quiet. He was emo- 
tionally unstable, very nervous, smoked 
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20 to 40 cigarettes a day and drank 4 cups 
f coffee. 

Comment. The auricular fibrillation 
vas functional in origin in all our patients; 
no evidence of organic heart disease was 
found. There was no history of rheumatic 
fever. No hyperthyroidism was present. 
Physical examination, fluoroscopy, Roent- 
ven ray films, electrocardiogram before and 
after exercise® (‘‘2-step’’), basal metabolic 
rate, blood counts, urine examination and 
sedimentation rates all were normal. The 
hearts were not enlarged, there were no 
murmurs, no accentuations, no increased 
arterial tension. 

Paroxysmal auricular fibrillation, func- 
tional in origin, is fairly common. It is 
frequently encountered in the Navy. The 
first 4 patients were seen in consultation 
within a period of but 1 week. The chief 
presenting symptom in our patients was 
‘“palpitation”’ or “pounding” of the heart. 
We suspect that many cases in which the 
diagnosis of paroxysmal auricular tachy- 
cardia is made in the history, are actually 
instances of paroxysmal auricular fibrilla- 
tion. The patient rarely observes that his 
heart is irregular. Only after interrogation 
did 1 patient of our 5 recollect that it was 

regular during the “spells” of palpita- 

nm. Paroxysmal tachycardia was the 
admission diagnosis of 2 of our patients. 
\s a matter of fact, leading questions were 

) necessary to establish the fact that 

heart rate had been rapid. 

Ve visualize this functional type of par- 
oxysmal auricular fibrillation very much as 
one does premature systoles in patients 
with no obvious cardiovascular disease. 
\tricular premature systoles were noted 
ill our patients, particularly in the 
sition periods between the regular 
s rhythm and the irregularity or the 
converse. Quinidine sulphate was neces- 
sary in 2 of our patients to reéstablish 
regular sinus rhythm and in 2 to maintain 

he same therapy is often necessary in 
patients who have frequent premature 
contractions. 
ie comparison between premature sys- 
and paroxysmal auricular fibrillation 
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can be carried further. Premature beats 
are more apt to be observed in slow hearts. 
Every one of our patients but the fifth 
had a relatively slow heart rate of about 
60 beats per minute when the normal sinus 
rhythm was present. The cause of pre- 
mature contractions is obscure and classi- 
fied often as toxic, infectious and neuro- 
genic; and so is the arrhythmia under dis- 
cussion. Tobacco, coffee, liquor are com- 
mon causes of both. Premature systoles 
alone are regarded as harmless and, if not 
too numerous, are no cause for rating up 
by life insurance companies. In the same 
vein, a writer’ has stated that the mortal- 
ity in our type patient, that is, one.with 
functional paroxysmal fibrillation, is no 
higher than in the general population. 

Probably the psychogenic or nervous 
factor is the most potent one in the produc- 
tion of paroxysmal auricular fibrillation. 
The war has placed military personnel 
under unusual stress and strain and the 
susceptible person develops the cardiac 
arrhythmia through a neurogenic mechan- 
ism. Stimulation of the vagus is thought 
by many authors! to be a factor in 
the production of paroxysmal fibrillation. 
Nahum and Hoff,’ and Iglauer, Davis and 
Altschule,* as a result of experimental ob- 
servations on animals, established a rela- 
tionship between vagus stimulation and 
auricular fibrillation. Altschule' found 
vagal activity a factor in auricular fibrilla- 
tion in rheumatic cardiac patients. Wolff" 
observed this functional irregularity in 
brothers who possessed a slow heart even 
after exercise. 

Auricular fibrillation, paroxysmal or 
otherwise, due to organic heart disease, 
has not been observed once during many 
The 
causes of this are usually advanced coro- 
nary, hypertensive, rheumatic, and hyper- 
thyroid heart disease. It is reasonable to 
assume that personnel with such heart 
disease would not pass the physical ex- 
amination at the time of induction into 
het Navy or an examination before over- 
seas duty. 

Patients with functional paroxysmal 


months at this overseas activity. 
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auricular fibrillation should be discharged 
from the Navy or at least placed on limited 
duty ashore. We say this in spite of the 
fact that authors of numerous articles on 
this subject almost universally report the 
harmless nature of the cardiac irregular- 
ity. Willius!® states that the death rate in 
his patients was similar to that in the 
general population. We believe that his 
series was too small and the period of his 
follow-up too short. Parkinson and 
Campbell® and Orgain, Wolff and White* 
also emphasized the good prognosis of 
patients with this functional paroxysmal 
auricular fibrillation. 

A review of the 5 cases we are reporting 
is enough to prove that the patients were 
not fit for general duty in the Navy. The 
Chaplain had to abandon his duties on 
the battlefield of Saipan. The aviation 
machinist’s mate could not perform stren- 
uous exertion during the arrhythmia. The 
Lt. Comdr. collapsed during a call to gen- 
eral quarters on a battleship. The 39-year- 
old Seabee was in congestive failure during 
the episode which brought him to the 
hospital. The last patient had to remain 
“very quiet” during the anomalous action 
of his heart. Furthermore, he had become 
emotionally unstable. 

In civilian practice, attacks of this fune- 
tional arrhythmia often prove severe 
enough to produce definite temporary dis- 
ability. Pulse deficits are present, dizzi- 
ness, faintness and occasional uncon- 
sciousness occur; often the patient is quite 
alarmed. Comeau® reported syncopal at- 
tacks associated with paroxysmal auricu- 
lar rhythm and the establishment of 
auricular fibrillation. In other words, the 
patient is not fit for heavy work or for 
employment in which he is under mental 
strain. Thus the senior author has had 
the opportunity of observing this condi- 
tion in engineers of ‘“‘crack”’ trains of a 
large railroad company. These engineers 
had to be removed from their responsible 
jobs. 

Treatment. The treatment of parox- 
ysmal auricular fibrillation is first, removal 
of the cause. In Case 3, chewing tobacco 


and drinking coffee may have been factors. 
In the last patient, the overseas duty 
played havoc with the patient’s mental 
equilibrium. From the moment he learned 
that he was to be evacuated to the States, 
he became a pleasant, natural person. 
Excessive exertion, mental and physical 
fatigue, lack of sleep, overindulgence in 
tobacco and coffee, gastric distension, and 
so forth, must be avoided. From previous 
experiences the victim will probably know 
what means are helpful in stopping an 
attack. Position of the body is important. 
Bending the trunk well forward with the 
head low,> lying on the back and occa- 
sionally lying on the abdomen bring relief. 
Complete rest is sought by the patient, 
for he has found that exertion prolongs the 
attack and aggravates its severity. Occa- 
sionally the converse is true; some physical 
movement like stretching the body up- 
ward is helpful. The patient should be 
reassured, for the cardiac irregularity ma) 
alarm him. Sedatives are often helpful. 
Carotid sinus and ocular pressure should 
be tried, one side at a time, since reflexl) 
this may cause cessation of the paroxysm 
Frequently the duration of the anomal- 
ous rhythm is so short that no treatment 
is necessary. However, to establish and 
maintain a regular sinus rhythm, quini- 
dine sulphate and digitalis may be re- 
quired. Given together they are syner- 
gistic and quite effective but require moré 
care when dispensed this way. Usually 
quinidine alone suffices. Quinidine sul- 
phate is first administered 3 times the 
first day in 0.2 gm. (3 gr.) doses. If the 
arrhythmia persists, the drug is given q4h 
then q3h, even during the night, for quini- 
dine is excreted in a few hours. To obviat« 
awakening the patient during the night, : 
double quantity is dispensed at midnight 
and the 3 A.M. or 4 4.M. dose is omitted 
The next step, if the cardiac irregularit) 
is still uncontrolled, istodouble the quan 
tity of quinidine, that is, 0.4 gm. (6 gr. 
instead of 0.2 gm. (3 gr.) in each dose. 
If heart failure is present digitalis shoul: 
be administered immediately and the pa 
tient digitalized within 24 hours. Tl 
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entricular rate should be slowed to about 
() to 75 beats per minute. A heart beating 

this rate is efficient even if irregular. 

(Quinidine is then prescribed as previously 
uutlined 

When the last patient was to be treated, 
juinidine was no longer available and so 
potassium This was 
idministered in 1- or 2-gr. doses 3 times 


acetate was used. 


day and promptly produced a regular 
inus rhythm. However, when the drug 
was discontinued the auricles began to 
fibrillate again within 24 hours. 
Paredrine hydrobromide* has been 
recommended for paroxysmal auricular 
rillation because of its sympatheticomi- 
etic effect. 
Summary. Paroxysmal auricular fibril- 
tion, unassociated with organic heart 
ease, is not infrequent in the Navy. 
Emotional and mental strain, associated 
th the war, and excessive use of tobacco 
and coffee, are the probable factors in its 
production. 


Palpitation of the heart is the chief 


esenting symptom. The “rapid” heart 
occasionally noticed but the irregular 

heart action is rarely observed by the 

| tient. 

\n erroneous diagnosis of paroxysmal 

hyeardia is frequently made by the 


physician. An electrocardiogram taken 
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during an attack will reveal a typical 
auricular fibrillation. 

Paroxsymal auricular fibrillation is ob- 
served in patients whose normal rate is 
slow and who often have ventricular pre- 
mature beats. The etiology of both these 
arrhythmias, when functional in origin, is 
probably neurogenic. Quinidine sulphate 
is the treatment for the two. 

Digitalis should be administered if heart 
failure is present or impending. Potassium 
acetate may be successful when quinidine 
sulphate is not available. Before recourse 
is made to any drug, other methods for 
stopping an attack should be essayed. 
Reassurance, complete rest, certain posi- 
tions of the body, carotid sinus or ocular 
pressure are first to be tried. The par- 
oxysms may be prevented by avoiding 
excessive exertion, mental and _ physical 
fatigue, lack of sleep, excessive use of to- 
bacco and coffee, and gastric disturbances. 

Patients with this functional arrhythmia 
should be discharged from the Navy or 
retained for limited duty ashore only. 
They cannot carry on their regular assign- 
ments and are a danger to themselves and 
their comrades. Even in civilian practice 
there are times when this irregularity of 
the heart produces at least temporary dis- 
ability, and those subject to it cannot per- 
form heavy work or work associated with 
unusual mental strain. 
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THE action of sodium salicylate on the 
sedimentation rate of erythrocytes (Cor- 
rected Sedimentation Rate—C.S.R.) in 
rheumatic fever is well known‘ and used 
to measure the therapeutic effectiveness of 
this drug.? It is also known that adequate 
amounts of sodium salicylate will slow 
down the accelerated C.S.R. in vitro under 
certain conditions.'? It is therefore of 
interest to establish whether this effect of 
salicylate, in vivo, is specific to rheumatic 
fever or whether it also occurs in condi- 
tions where the accelerated C.S.R. is not 
due to the rheumatic reaction. 

This report deals with 3 patients who 
had widespread carcinomatosis with ele- 
vated sedimentation rates, in whom the 
administration of sodium salicylate by 
slowing the sedimentation rate demon- 
strated that this effect of the drug is not 
limited to rheumatic fever. 


Methods. Five patients were chosen be- 
cause they had elevated C.S.R.’s due to 
metastases of carcinomas of various organs. 
Intractable pain due to bone metastases was 
the indication for salicylate therapy. Two 
of the patients died during or shortly after 
the administration of sodium salicylate and 
the data obtained from them are not used 
here for this reason, although they are com- 
parable to those observed in the remaining 
3 patients who survived the administration 
of salicylate by 1 week or longer. 

Patient 1 was a white female of 65, oper- 
ated on in 1940 for carcinoma of the breast. 
During 1942-1943, pains in her legs devel- 
oped due to metastases in the 5th and 6th 
dorsal vertebre. In 1944, metastases were 
noted in the right lower lobe of the lung and 
the patient was admitted to the hospital 
because of paralysis of both legs and pain. 
Salicylate therapy was instituted on Oct. 24, 
1944, anid the experiment was discontinued 
on Noy. 4, 1944. The patient developed 


pulmonary congestion which responded ti 
digitalization and she died on November 18 
of a left hemiplegia due to a cerebral metas 
tasis found at autopsy. 

Patient 2 was a white male of 80 years 
appearing about 70 years old, and admitted 
for intractable pain in both legs and swollen 
inguinal lymph nodes on the left. He had a 
chronic silico-tuberculosis which had been 
diagnosed 10 years earlier. Roentgen rays 
of the pelvis showed round scattered areas 
of decreased opacity in the left iliun 
The prostate was enlarged but smooth. The 
diagnosis of metastatic carcinoma to bone 
and lymph nodes was made, the primary site 
remained unknown. The patient received 
salicylate therapy on March 19, 1945, and 
was followed until March 29. He remained 
in the hospital until May 14, when he died of 
an intercurrent infection. 
examination could be done. 

Patient 3 was a white male of 69 who had 
been operated on for carcinoma of the pros- 
tate in 1941. Two years later he noticed 
dorso-lumbar pain which became worse until 
his admission to the hospital on May 1, 1945, 
when pain due to vertebral metastases pre- 
vented use of his legs. Some rounded well- 
defined shadows were seen in both lung fields. 
This patient was given salicylate therapy 
from May 7 to June 11, 1945. He is at pres- 
ent about to undergo orchidectomy. 

These patients were given sodium salicy!- 
ate by mouth and by vein in the following 
amounts. (Sodium salicylate was given in- 
travenously in a 1% solution of the salt con- 
tained in a 5% dextrose solution in distilled 
water.) Patient 1 received 10 gm. intra- 
venously on the Ist day, 5 gm. intravenously 


No postmortem 


on the 2nd day and 1.5 gm. by mouth every 
4 hours, day and night on the 3rd and 4th 
day. Patient 2 received 4 gm. intravenously 
daily for 3 days and 6 gm. intravenous!y 
daily for 2 days. Patient 3 was given 4 gin. 
by mouth daily for 4 days, then 8 gm. by 
mouth for 2 days and thereafter 10 gm. )y 
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jouth every day with, in addition, 6, 3.6 The following determinations were made 
nd 2.4 gm. intravenously for 3 consecutive before therapy was started and daily there- 
lays. The oral doses were then discontinued after: (1) C.S.R. according to Rourke- 
nd 8 gm. given intravenously every day for Ernstene.’ (2) Plasma fibrinogen levels ac- 
tdays. For 2 more days the patient received cording to Cullen and VanSlyke.’ (3) 
gm. daily, intravenously. Plasma salicylate levels according to Co- 
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Cuart 1.— Results obtained in Patients 1 and 2. 
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burn.? (4) Prothrombin time determinations 
according to Quick.’ 

Findings regarding the prothrombin con- 
centration will be reported later. 

Results. (Chart 1, A and B.) In Pa- 
tients 1 and 2 the results were comparable. 
After a latent period of 3 to 4 days while 
the plasma salicylate levels ascended, the 
plasma fibrinogen level and the C.S.R. did 
not materially change except for a slight 
increase of both at the beginning in Case 2. 
About 24 to 48 hours after the highest 
level of plasma salicylate concentration 
had been reached, the plasma fibrinogen 
level and the C.S.R. dropped toward nor- 
mal levels. 

In the third patient the plasma fibrin- 
ogen fell from 700 mg./100 ml. to 240 
mg./ 100 ml. within the first 11 days with 
salicylate levels below 30 mg./100 ml. 
While this was comparable to the response 
observed in the 2 previous patients the 
C.S.R. did not follow the decrease of the 
plasma fibrinogen in the expected manner. 
It was then found that this patient’s 
plasma globulin was 3.2 gm. which is 
enough to markedly accelerate the C.S.R. 
at plasma fibrinogen concentrations from 
normal to approximately 500 mg./100 ml. 
(Ham and Curtis.®) Later this patient 
developed sacral decubitus and in spite of 
salicylate levels as high as 60 mg./100 ml. 
the plasma fibrinogen level remained at 
389 to 545 mg./100 ml. thereafter. 

Comments. (Chart 2, A and B.) In 
these debilitated patients whose C.S.R. 
was elevated because of metastases of car- 
cinomas, therapeutic doses of sodium salic- 
ylate clearly caused a fall of the plasma 
fibrinogen concentration (in 1 case fol- 
lowing a slight increase) and a slowing of 
the C.S.R. 

This slowing of the C.S.R. is due to the 
depression of the plasma fibrinogen level 
as sodium salicylate did not significantly 
modify the usual linear relation between 
the plasma fibrinogen concentration and 
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the sedimentation rate. Chart 2B shows 
that this relation is influenced much les 
than in vitro. 

As the addition of sodium salicylate t« 
plasma in vitro did not produce a fall of 
the fibrinogen concentration,’ it is unlikely 
that the mere presence of sodium salicylat« 
in the blood would cause the observed 
plasma fibrinogen reduction. There is no 
actual relation between the magnitude of 
the change in plasma fibrinogen concen- 
tration in the patient and the plasma salic- 
ylate level at that time. However the 
change in plasma fibrinogen concentration 
is related to the total dose of salicylat« 
received by the patient previously to the 
maximal change (Chart 2, B). 

The plasma fibrinogen changes observed 
in these 3 patients are comparable to the 
findings of Irish and Jaques® in dogs after 
administration of dicumarin. They also 
recall the observations of Ham and Curtis‘ 
in patients with liver disease. The find- 
ings suggest that in the conditions of this 
experiment sodium salicylate is a hepato- 
toxic agent, or interferes with some other 
factor of fibrinogen regulation. It is ques- 
tionable whether the C.S.R. is a reliable 
criterion for evaluation of the therapeutic 
effects of salicylates in rheumatic fever, as 
its depression by salicylate is unspecific 

Summary. 
sodium salicylate reduced the plasma 


1. Therapeutic doses of 


fibrinogen concentration and sedi- 
mentation rate of erythrocytes in patients 
with generalized carcinomatosis. 

2. This effect can be explained by the 
depression of the plasma fibrinogen con- 
centration by sodium salicylate. 

3. The plasma fibrinogen is proportion- 
ate to the total dose of salicylate received 
by the patient and independent of the 
blood salicylate level. 

4. The reported reduction of plasma 
fibrinogen following the administratio1 
sodium salicylate is comparable to t 
caused by liver toxins. 
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EVER since the discovery of the casual 
relationship of microbes to disease, the 
methodology of the microbiologist has 
stressed attempts to differentiate the 
“pathogen”’ from an infinite variety of 
hacterial life. 
literature, the constant association of a 


In the early bacteriologic 


particular microérganism with a pathologic 
condition was sufficient for the assumption 
The wide- 
spread dissemination of microscopic life 
was but little appreciated. When Loeffler 
found his diphtheria bacillus in the throat 
of a man without even a suggestion of 
diphtheria, it almost upset his theory. 
Even the postulates devised by Koch did 
not leave room for the healthy carrier of 


of an etiologic relationship. 


disease producing microérganisms. And 
yet the school of thought which denied 
the significance of the newly-discovered 
microorganisms opposed the teachings of 
Pasteur and Semmelweiss on the etiology 
of puerperal sepsis on the grounds that 
the same microbes could be found in 
persons not ill with the disease. 

The past three or four decades—often 
referred to as the “Golden Age of Bac- 


teriology”’ have brought an endless suc- 
cession of tests and techniques, all designed 
to differentiate the pathogens and eluci- 
date the meaning of its presence in the 
carrier as well as the disease process. The 
increasing knowledge of the natural his- 
tory and biology of bacteria, and the con- 
current development and improvement of 
techniques in related fields such as _ bio- 
chemistry and immunology have resulted 
in the modern serologic techniques avail- 
able to the bacteriologist and epidemiolo- 
gist for the classification of bacteria. The 
antigenic analysis of bacteria by these 
refined techniques has increased immeasur- 
ably our knowledge of the biology of 
bacteria and has provided a stability and 
reproducibility in systematic classification 
which was conspicuously lacking in earlier 
systems based entirely on morphologic or 
biochemical characteristics. However, t 

serologic separation of the various bac- 
terial species into groups, types and su!- 
types has, on the whole, contributed re- 
markably little towards its original pur- 
pose—the recognition of the pathogé 

or, for that matter, towards the ba 
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nechanics and proéesses involved in infec- 
ion. Indead, present-day knowledge of 
virulence”’’ in most but little 
idvanced fram that of Weigert,! who 
1875 asked whether the 
“something” that renders a microérgan- 
sm virulent is a vital bacterial product 
attached to the 


eases 18 


as long ago as 


or merely “something”’ 
microorganism. 
SYSTEMATIC SEROLOGIC CLASSIFICATION. 
Landsteiner,® Wells,! and Zinsser, et al.!*! 
as well as several others have called atten- 
tion to the extreme complexity of cellular 
and protoplasmic antigens as compared 
with isolated and purified antigens. Species 
specificity usually can be demonstrated 
erythrocytes with high-titer 
species-specific antisera. Nuttall® showed 


for intact 


that serologic results in general confirm 
zodlogic classification. However, no one 
knows exactly what constitutes a bacterial 

While the available evidence 
that 


species.” 


suggests each so-called bacterial 

pecies”’ possesses a species-specific anti- 
gen, the existence of such a fraction cannot 
always be demonstrated by serologic 
methods employing unaltered antigens. 
Indeed, the results of agglutination and 
absorption tests suggests that most bac- 
terial are not represented in 


IC plan by 


“species ”’ 
a species-specific 
more 
It is only 
by the use of special techniques that a 
demon- 
ted among many of the bacteria. 


antigen, but, rather, by two or 


antigenic types or sub-types. 
species-specific antigen be 
general, most bacterial species can 


be placed into one of three broad groups 
erologic methods. The following is a 


partial list of the commoner microérgan- 
IS falling into each of these three 
groups 

SPECIES IDENTIFIED A HIGH-TITER, 


ES-SPECIFIC ANTISERUM. 

E. typhosus 

V tuberculosis 

P. pestis 

H. pertussis 

Br. abortus 

T. pallidum 

S aureus 


Certain Clostridia 
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II. Species REPRESENTED BY A NUMBER OF 

Distinct ANTIGENIC TYPES, SOME SUB-TYPES AND 
PERHAPS A HETEROGENEOUS GROUP. 

1. S. hemolyticus 

2. N. gonorrhea 

3. N. meningitidis 

4. Shigella 

5. Salmonella 

6. Friedlinder’s bacilli 
. Pneumococci 
8. Certain Clostridia 


III. Species oF ExTREME ANTIGENIC HETERO- 
GENEITY, IMMUNE SERA OF LITTLE VALUE IN 
Species IDENTIFICATION. 

. Escherichia coli 

. Pseudomonas xruginosus 
C. diphtheria 

Aerobic spore bearers 

S. viridans 

B. proteus 

. Certain Clostridia 


Perhaps the most thoroughly studied 
bacterial species, with respect to serologic 
classification, are the pneumococci, the 
meningococci, the influenza group, the 
enteric group and the streptococci. Among 
these four species, well over 200 separate 
serologic types have been described. In 
the pneumococci, meningococci, clostridia 
and influenza group (especially the latter), 
serologic classification has (and still has in 
certain instances, regardless of drug and 
antibiotic therapy) a therapeutic useful- 
ness, irrespective of whether or not the 
type-specific antigens are related to the 
ability of the microérganism to produce 
disease. On the other hand, there is as 
yet no therapeutic reason for serologic 
type differentiation among the enteric 
group or the streptococci. The pneumo- 
cocci, the meningococci, the enteric group 
and the streptococci only will be con- 
sidered in detail here, since the type classi- 
fication of these microérganisms has been 
most extensively applied to epidemiologic 
studies. Of the remaining groups, two 
deserve mention, although type differentia- 
tion is employed almost exclusively for 
therapeutic reasons. 

Tue Ciostripia. The Clostridia asso- 
ciated with gas gangrene are unusual in 
that toxigenic type can be correlated with 
serologic type. Whether or not the 
polysaccharide determining serologic type 
is a part of the toxin molecule, lending 
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type specificity to the various toxins of 
the strains in this genus is not yet known. 
In any case, the clinical disease induced 
by the various toxigenic types is essentially 
similar, differing only quantitatively. 
Two other types of Clostridia are of 
interest in that each presents a similarity 
or contrast to the gas gangrene group. 
Clostridium tetani has been separated into 
at least six serologic types by agglutination 
tests. However, all agglutination types 
produce an antigenically identical toxin. 
On the other hand, Cl. botulinum is another 
exception to the general rule that different 
strains of the same microérganism produce 
the same toxin. At least five types of 
Cl. botulinum 


duces a toxin antigenically distinct from 


exist, each of which pro- 
that produced by other types. 

The studies of Meyer, et al.” on dif- 
ferences in the geographic distribution of 
the various toxigenic types of Cl. botulinum 
suggests an epidemiologic reason for the 
observation that toxigenic type causing 
the majority of cases of botulism varies 
with geographic location. 

Tue INFLUENZA Group. Although the 
serologic classification of Hzemolytica in- 
fluenze is of foremost importance in the 
therapy of influenzal meningitis, few epi- 
demiologic studies have been done on the 
It has 
the carrier rate for 


distribution of the various types. 
that 
untyped //. influenze does not appear to 


been observed 
show the seasonal fluctuations observed in 
the carrier rates for other microérganisms.°® 

Any one of six 
H. influenza 


fluenzal meningitis. 


serologic types of 


occasionally produces in- 


However, Type B is 


the predominant type associated with 


Silverthorne and Paterson 


106 


have 
shown that carriers of H. influenze Type B 


disease. 


are rare, usually being found only in the 
immediate vicinity of cases, and in many 
instances not even under these circum- 
stances. 

THE PNEUMOCOCCI. 


as well as the clinical and pathologic 


The epidemiology 


aspects of pneumococcal infection have 


been reviewed by Heffron,” while the 
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varied aspects of the biology of the pneu 
mococcus have been compiled and cata- 
logued in an extensive work by White.” 
The discussion of the pneumococci here i 
intended only to point out some of the 
epidemiologic similarities and contrast 
between the relationship of the serologic 
types ot pneumococci to pneumococca 
infections and the serologic types of other 
microorganisms to the disease processe 
they induce. 

The pneumococcus is perhaps second 
only to the streptococcus with respect to 
the multiplicity of ills it can inflict on 
broncho- 


mankind—lobar 


pneumonia, sinusitis, otitis, mastoiditis, 


pneumonia, 
meningitis—to mention only a few. To 
date, well over sixty serologic types are 
recognized, and there seems to be no 
specific correlation between serologic typ 
and clinical diagnosis, although certain 
types tend to predominate as the cause 
of some pneumococcal infections. — For 
example, there seems to be a difference 
between the serologic types predominating 
in lobar and bronchopneumonia. Heffron 
indicates that in general, Types I, II and 
III are the predominant causes of lobar 
pneumonia, and states that the distribu- 
tion of types in bronchopneumonia ap- 
proximates the distribution of the various 
cavities of normal 


types in the buccal 


persons. Heffron presents a table based 
on data from East Africa, Germany, Great 
Britain, India and the United States in 
which Type I appears in 6.3% of the 
cases of bronchopneumonia, Type II in 
1.3%, Type III in 14% and the remaining 


types (Group IV) in 75.3% of all cas 


reported. The total percentage of cases 


accounted for by Types I and II cor 


bined (10.6%) is in sharp contrast to thie 


total percentage of cases of lobar pne 
monia (53.4%) caused by Types I and |] 
(Table 1). 

These data give only a composite pic- 
ture of the world at large. There are, of 


course, seasonal and local variations in 


the predominance of the various types in 
pneumonia at a given time.”® Family and 
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outbreaks® 1° have been 
caused by various types at different times 
and in different places; such outbreaks 
usually being due to a single serologic 


+ 


nstitutional 


ype. 

CARRIER Rates. It has 
been claimed that the frequency of pneu- 
mococcus carriers increases with the ad- 
Such 
observations suggest the traditional inter- 


vent of cold, unsettled weather.” 


pretation, viz., that an increased carrier 
rate as a result of “crowding” precedes 
the appearance of pneumococcus pneu- 
monia. 


Pneumococcus carriers may be transient, 
In any case, the 
predominating in 
lobar pneumonia are usually rare among 
carriers other than those convalescing from 
the immediate 
vicinity where cases are occurring. Gundel 
and Schwarz** for example, found that 
types other than Types I, II and III ac- 
for well over 60% of pneumo- 
us carriers, Type I was present in 
only 0.8%, Type Il in 0.4% and Type III 
in 6.7% of the carriers studied. Rosenau, 
Felton and Atwater*® isolated Type I 
four times as frequently, 
Type III twice as frequently from persons 
in contact with cases of lobar pneumonia 
those with no immediate contact 
Curiously enough, there ap- 
d to be little difference in the inci- 
lence of Type II among the contacts 
on-contacts, while pneumococci of 
emaining types were isolated from 

of the contacts as compared with 
On the other 
as already mentioned, the frequency 


chronic or sporadic. 


pheumococcus' types 


lobar pneumonia or in 


counted 


imococcl 


wit cases. 


of the non-contacts. 


of types found in bronchopneumonia is 
to the distribution of pneumococcus 
ypes among carriers. 

lt would seem, then, that except under 
u tances such as an institutional or 
outbreak of pneumonia, a study of 
rrier rates by serologic type can 
tle to the knowledge of the epi- 
of pneumonia. Even the 
e of Types I, II and III in carriers 
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does not necessarily predict the occurrence 
of cases since there is no knowledge as 
yet of the factors predisposing to pneu- 
monia on the one hand, and on the other, 
of why some types or certain strains of 
the same type gain predominance over 
other types which may be present in a 
population group. The similarity of the 
distribution of various types among car- 
riers and in cases of bronchopneumonia 
suggests that 
chance phenomenon, perhaps dependent 
upon changes in the autarceology of the 
host rather than differences in the infecting 
parasites. 

RELATIONSHIP OF TyPE TO DISEASE. 
Although the ability to produce pneu- 
monia or other pneumococcal infections 
is not dependent upon serologic type 
per se, there are striking differences in the 
mortality rates resulting from pneumonia 
due to different serologic types. Heffron 
cites mortality rates of 25%, 41% and 
45 to 60% respectively for Types I, II 
and III. The data on mortality for the 
remaining types are scattered, but those 
available suggest a mortality of around 
30% in untreated (serum) cases. “ Viru- 
lence”’ is a relative term and is dependent 
upon a number of factors, hence there is 
yet no adequate explanation as to why 
the mortality of Type III cases should be 
so excessively high. Differences in “in- 
vasiveness”’ probably is not the entire 
explanation, since pneumococcemia fre- 
quently occurs in pneumonia patients and 
usually presents a grave prognosis regard- 
6 The serologic clas- 
sification of the pneumococci, with the 
consequent studies of the capsular poly- 
saccharides and their relationship to type- 
specific immunity has added little to our 
knowledge of the fundamental mechanics 
of pneumococcus infection. Despite the 
success of specific therapy based on sero- 
logic type, the reasons for the differences 
in disease producing capacity of various 
types, and of individual strains of the same 
type have not yet been explained. Whether 
the capsular polysaccharides are toxic in 


bronchopneumonia is a 


less of serologic type. 
£ 
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themselves or combine with substances in 


the body to form toxic products, or 
whether the capsular polysaccharide lends 
antigenic specificity to a conjugated pro- 
tein common to all types is not yet known. 
From an epidemiologic viewpoint, the 
ability of all types to produce disease 
suggests a common denominator, either 
host 


variations, or the long-sought but 


still elusive “pneumococcus toxin.” 


TABLE 1.—PERCENTAGE DISTRIBUTION 
IN LoBAR PNEUMONIA 

Locatior [vpe I 
North America 31.5 
Europe 38.7 
\frica 19.1 
Far East and Australia 41.0 
Ave ige 


THE Enteric Group. The studies of 
Craige*’! on the bacteriophage typing of 


Eberthella typhi, while not strictly a sero- 
logic method, deserve mention because of 
On the 
basis of sensitivity to various bacterio- 


their epidemiologic significance. 


phages, ten types and several sub-types 
of E. The 


present-day epidemiology of typhoid fever 


typhi can be differentiated. 


being primarily a matter of carrier-contact 
infection, typhoid typing has increased 
tremendously the value of the typhoid 
carrier register to the epidemiologist in- 
If the type of 
organism carried by the known typhoid 


vestigating an outbreak. 


carriers in the vicinity is known, and the 
cases occurring in the outbreak are typed, 
it is a simple matter to incriminate or 
Fur- 
thermore, single source outbreaks are usu- 


exclude a carrier of responsibility.® 


ally of a single type, while multiple type 
outbreaks usually indicate water or sewage 
as the source.*°** As with other micro- 
organisms, the recognition of types has 
become of some use to the epidemiologist 
although type per se is not correlated with 


In- 


deed, among the typhoid bacilli, at least, 


the ability to produce typhoid fever. 


it is clearly evident that “typeness’’ is 
incidental to the ability to induce disease, 
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since so far as is known, immunizatior 
with standard typhoid vaccine protect 
Farther 
study may reveal differences in the geo- 


against all bacteriophage types. 


graphic distribution of various types i 
typhoid fever, probably correlating with 
the distribution of carriers of the various 
bacteriophage types. 

SHIGELLA DYSENTERLE. The 
Shigella today is represented by twenty 


genus 


OF SEROLOGIC TYPES OF PNEUMOCOCCI 


(14,869 CasEs) 


Percentage distributior 

II rype III Others 
19.2 11.8 37.5 
2 7.0 26.0 
12.2 2.2 66.5 
15 6.6 37.0 
20 6 10.8 35.8 


species of medical importance, which are 
fairly well differentiated by biochemical 
as well as serologic methods."' Any one 
of these serologic types can produce clinical 
dysentery in man, although there are varia- 
tions in the frequency with which the 
various types are associated with disease 
from time to time in different places. 
Epidemiologically, bacillary dysentery, or 
more strictly, shigellosis, since the Sal- 
monella also may incite clinical “dysen- 
tery,” is largely a matter of carrier-con- 
tact infection, either direct or food-borne. 
Since extensive outbreaks of the disease 
usually originate with a food-handler, the 
differentiation of these microérganisms by 
type is of considerable use to the epi- 
demiologist in the search for carriers in- 
criminated in an outbreak. However, type 
differentiation is of no value either in the 
recognition of dangerous carriers among 
those who give no history of having had 
the disease or in therapy, since all types 
produce an essentially similar clinical syn- 
drome. A possible exception, insofar as 
therapeutics is concerned, is the reported 
success of sulfadiazine in cases caused by 
Shigella dysenterixe.™ 
RELATION OF TYPE 
though the distribution of various Shig:lla 
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pes is known to vary over large areas, 
data for the United States is scanty. The 
studies of McGinnes, et al.” Hardy, et al. 
Mayfield and Gober,” and Wheeler" seem 
to concur in the opinion that Sh. para- 

senterie (Flexner organisms) is the pre- 
dominant cause of endemic dysentery in 
this country. On the other hand, a recent 
report by Nelson, et al.,®° indicates that 
in a study done in the southeastern arez 
of the United States, Sh. was 
isolated more frequently than all other 
types combined. 


sonnet 


Even in the states cov- 
ered by this survey, there was a shifting 
of predominant type from state to state. 
It appears that the Shigella types most 
frequently isolated from sporadic cases 
were those types enjoying widest geo- 
graphical distribution. There is insuf- 
data to determine whether these 
most recent findings indicate a shift in 


neient 


the prevalence of Shigella types or are 
the result of local conditions. 

Despite our knowledge of the bacteri- 
ology of dysentery, the answer to the 
problem of infection by these microérgan- 
isms is still unsolved. The clinical symp- 
oms of dysentery, on the whole very much 
alike, cannot be easily reconciled with the 
ariety of types of microérganism which 
are so different in their biochemical and 


physiologic activities. For example, a 


Shigella usually associated with mild dis- 
ease is not infrequently recovered from a 
severe outbreak, while those types (SA. 
ysenterie or Sh. sonnei), usually con- 
sidered as toxic and the incitants of severe 
epidemic dysentery, are frequently recov- 
ered from a mild, sporadic case. 

Boivan, Corre and Lehoult® suggest 
that the reason for this seemingly para- 
af | situation may be that the so-called 
group antigen, a carbohydrate-lipid com- 
plex common to various types of Shigella 
as | as other Gram negative micro- 
ms, appears to be the “ enterotoxic”’ 
fac rather than any of the as yet 
re zed type antigens. 

SALMONELLA Group. If the exist- 
en 


twenty species of Shigella is dif- 
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ficult to reconcile with the essentially 
similar clinical disease each can induce, 
then the types existing among the Sal- 
monella are entirely beyond any hope of 
reconciliation with the clinical syndrome 
of Salmonellosis. At the present time, 
there are more than 164 strains or types 
of microérganisms of the Salmonella group 
which can be differentiated by the Kauff- 
mann-White schema." About 25% of 
these isolated from 
human infection, the remainder being of 
various animal or avian sources.® Although 
the majority of Salmonella types are not 
of immediate origin, all members of the 
genus Salmonella must be considered as 


strains have been 


potential etiologic agents of sporadic or 
epidemic gastro-enteritis and enteric fever 
in man. 

The widespread dissemination of the 
genus Salmonella in man and lower ani- 
mals provides a variety of possible sources 
for accidents of environmental sanitation 
giving rise to an outbreak of enteric fever 
or Salmonellosis. One of the earliest uses 
to which Salmonella typing was put was 
the differentiation of the organism into 
either the “animal” or the “human” 
group, thus giving the epidemiologist an 
indication of where to look for the source 
of infection. However, Rubenstein, Feem- 
ster and Smith” point out that by the 
epidemiologic and bacteriologic study of 
contacts of sporadic cases, institutional 
outbreaks, etc., they were able to demon- 
strate case to case spread of Salmonella 
infections due to several serologic types. 
These authors also point out that type 
studies have proven the importance of a 
temporary carrier state following infection 
with any one of several types, as well as 
the importance of missed or subclinical 
infection in the propagation of new cases. 
These same authors emphasize the exist- 
ence of permanent Salmonella schottmiilleri 
(Sal. paratyphi B) carriers. Indeed, a 
the epidemiology of 
Salmonella infections in the light of Sal- 
monella type-classification led these au- 
thors to question the thesis that the con- 
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stant interchange of Salmonella between 
other hosts and man rather than human 
to human contact is the most significant 
factor in the transfer of Salmonella infec- 
tion. In other words, as with other infec- 
tions, Salmonellosis spreads through a 
population by means of small groups of 
clinical and subclinical infections, thus 
considerably altering the control measures 
to be instituted in their control.*! Serologic 
type is indispensable to the epidemiologic 
study and control of Salmonella infection. 

RELATIONSHIP OF TYPE TO DISEASE. 
As already mentioned, about 25% of the 
recognized types of Salmonella have been 
isolated from human disease. Infections 
due to various types of Salmonella are 
essentially similar clinically. Rubenstein, 
Feemster and Smith” point out that even 
the time-honored distinction between Sal- 
monella fever and septicemia is perhaps 
as unjustified as would be a distinction 
between typhoid fever and typhoid sep- 
ticemia. 

There are certain analogies between the 
distribution of Salmonella types and that 
of the pneumococci and streptococci in 
disease, in that although all strains can 
induce disease in man, a few serologic 
types predominate in a given locality. In 
Massachusetts, for instance, between the 
years 1937-43, 22 types of Salmonella 
were isolated from cases and carriers. Of 
811 cases studied, 70% were produced by 
These same four 
types also occurred most frequently in 
routine stool cultures taken for some 
reason other than clinical illness.°° The 
data on the geographic distribution of 
Salmonella types is still too limited to 
permit generalizations as to the extent 
or permanence of a type-pattern, but there 
is some evidence suggesting variations 
from time to time and place to place. 
Seligmann, Sophra and Wassermann!™ pub- 
lished a comparison of the distribution of 
Salmonella types in Massachusetts and 
Connecticut, 1939-1942. The distribution 
was much alike in each state; Sal. typhi 
murium and Sal. schottmiillert (Sal. paraty- 


four serologic types. 


phi B) was commonest, relatively more com- 
mon in Connecticut, while on the other 
hand, Sal. cholerasius was less common in 
Connecticut than in Massachusetts. Sal. 
senftenberg, appearing in an institutional 
epidemic in Massachusetts, was not en- 
countered in Connecticut. The data cited 
by Seligmann, et al. suggest that the rarer 
types of Salmonella at least are often 
peculiar to a certain area at a given time 
From the standpoint of therapeutics, 
type-specific serum therapy, as with the 
Shigella, is unsatisfactory. There is some 
evidence that type differentiation may be 
of some value in drug therapy, since 
sulfanilyl-guanidine exhibits a_ selective 
action on different types of Salmonella.” 
THe Hemorytic Streptococci. The 
hemolytic streptococcus is perhaps the 
most universally important of that group 
of microérganisms producing disease in 
man. There is no other bacterial species 
which is capable of producing in the 
human host the multitude of serious lesions 
and the variety of clinical manifestations 
as has been attributed to this micro- 
organism, ranging from inapparent infec- 
tion, a transient sore throat or tonsillitis, 
to the acute fulminating infections in 
infants and young children, or the fatal 
toxemias and septicemias sometimes asso- 
ciated with puerperal fever and scarlet 
fever. There are few pathogens too, which 
can boast of the serious sequel of infec- 
tion—such as permanent cardiac damage 
or acute nephritis. Its seemingly infinite 
importance to the economy of mankind 1s 
re-emphasized by each addition to our 
knowledge of its habits and biology. 
The hemolytic streptococcus has occu- 
pied the attention of the medical bacteri- 
ologist in one way or another almost con- 
During 


these years a tremendous volume of litera- 


tinuously since its discovery. 


ture has accumulated concerning clinical 
manifestations, diagnostic schema, classi- 
An excellent historic surves 
of the development of the classification of 
streptococci from the work of Schottmi ler 
to the serologic classifications of Griffith 


fication, etc. 
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and Lancefield has been published 
recently." Perhaps the most outstanding 
characteristic of the early work on the 
classification of the streptococci was the 
tendency of most investigators to follow 
the precedent of Ogston, Fehleism, and 
Rosenbach by assigning species names and 
attributing specific pathogenic abilities to 
the streptococci isolated from each of the 
infinite manifestations of streptococcal in- 
fection. For example, the terms “ Strepto- 
coccus scarlatine”’ and “ Streptococcus epi- 
demicus”’ appeared in the literature as the 
specific etiologic agents of scarlet fever 
and septic sore throat respectively. 

The theory of species specificity among 
the streptococci has given rise to perhaps 
one of the most long-standing and heated 
disputes in modern bacteriology. On the 
other hand, the epidemiologist has long 
been confronted by evidence that the two 
are closely related. Sydenham,"™ in 1676 


‘ 


coined the name “scarlet fever,” and re- 
ferred to it as a disease in name only. As 
long ago as 1880 the occurrence of “sore 
throat” was noted in the epidemiologic 
study of milk-borne and contact outbreaks 
of scarlet fever.°® These non-scarlatinal 
cases (often in siblings of patients with the 
classical picture of scarlet fever) were con- 
sidered as “scarlatina sine eruptione,” or 
as ‘Trousseau referred to them, “ scarlatine 
frust.”’ The question of species specificity 


was more or less settled by Okell in 1932* 
when he demonstrated that sore throat, 
puerperal fever, erysipelas (streptococcal), 
scarlet fever and so-called surgical scarlet 
fe are all associated with a single hemo- 
lytic streptococcus, or possibly variants 
of « single type. His concise views of the 
unitarian concept of the pathogenesis of 
hemolytic streptococeal infection in man 


view that different clinical pictures 
were the manifestations of different equi- 


libria between the same parasite and its 
he did not deny the existence of anti- 
genic types, or the preponderance of a 
particular type (or types) in certain kinds 
of infeetion—an analogy to the prepon- 


derance of a few particular types of pneu- 
mococci in lobar pneumonia. 

Griffith” later succeeded in establishing 
the existence of antigenic types among 
the hemolytic streptococci, thus lending 
bacteriologic support to the then more or 
less revolutionary views of Okell. Later 
work in this country and in England has 
shown that all except four of Griffith’s 
original type strains belong to Lancefield’s 
Group A,® the serologic group to which 
the majority of strains producing human 
infection belong. 

Thus, the modern classification of the 
streptococci is based on their antigenic 
structure. The majority of strains can 
be classified into groups on the basis of a~ 
group-specific carbohydrate. Although 
several serologic groups contain different 
serologic types, the type-classification of 
Group A strains is perhaps the most im- 
portant as well as the most complex. 
Group A strains are classified as to sero- 
logic type on the basis of type-specific 
proteins; either by Griffith’s” slide agglu- 
tination test involving the so-called “T”’ 
antigen, or the more recent precipitation 
technique involving the “M”’ antigen."° 
Either technique has its advantages and 
disadvantages; the choice of methods de- 
pending largely upon the purpose for which 
the results are intended. Epidemiological- 
ly, it seems that in general, one technique 
will yield information just as useful as 
the other, since the value of type classi- 
fication lies primarily in the recognition 
of a single strain in any series of cases 
under study. 

HETEROGENEITY OF SEROLOGIC TYPES 
IN StrREPTococcus INFECTIONS. Concur- 
rent with the prolonged dispute with ref- 
erence to species specific etiologies for 
streptococcal infections, there has even 
persisted an undercurrent of doubt in the 
minds of some, as to whether or not the 
hemolytic streptococcus is actually related 
to scarlet fever. Certain discrepancies in 
the chain of evidence in favor of the strep- 
tococcus, and the indirectness of some of 
its supporting observations rather than 
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any validity in the claims advanced from 
time to time in favor of other micro- 
have been responsible 
for the retention of the idea of a non- 
streptococcal etiology. As recently as 
1912, Frost,® in a report describing an 
outbreak of septic sore throat in Baltimore 
stated, “‘Also, while the pretty constant 
occurrence of a rather unusual variety of 
streptococcus in connection with so many 
strongly that the 
disease was a specific streptococcus infec- 


cases indicates most 
tion, there remains at least the possibility 
that the streptococci were of secondary 
importance, as in measles and _ scarlet 
fever.” 

The older concept of “ Strep. scarlatina”’ 
not only was erroneous, but tended to 
over-simplify the relationship of the hemo- 
ly tic streptococcus to searlet fever, as well 
as the relationship of other species-specific 
streptococci to other streptococcal infec- 
tions. The application of serologic classi- 
fication to epidemiologic studies of strep- 
tococcus infection has shown that species 
specificity does not exist among the strep- 
tococci even in the sense that it does 
among the meningococci; viz., the epi- 
demiologic relationships of Type I men- 
ingococci in cerebrospinal meningitis. On 
the contrary, with the streptococci there 
appears to be no fixed relationship between 
serologic type per se and clinical diagnosis, 
or, for that matter, the ability to produce 
disease. As stated by Brown and Schaub," 
“ Strep. scarlatine”’ is not the streptococcus 
of scarlet fever, but is a streptococcus of 
scarlet fever. 

The serologic heterogeneity of the strep- 
tococci producing scarlet fever as well as 
other streptococcal infections has been 
repeatedly demonstrated since Griffith*’ 
first published his studies on the type 
classification of “Strep. pyogenes.’ In 
view of the studies reported by the Dicks,” 
Griffith’s observations were not so accept- 
able to those who still clung to the idea 
of species specificity—one 
toxin 


disease—one 
one microérganism. This apparent 
discrepancy has now been explained by 
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the repeated observation that the commor 
erythrogenic toxin, the so-called “N. \ 
5” toxin is produced by most Group . 
streptococci regardless of serologic type 
From these and the observation tha 
serologically identical strains producing 
an identical toxin can be isolated fron 
non-scarlatinal infections, has evolved thi 
modern concept of scarlet fever, namely, 
that the scarlatinal rash is a symptom, 


not a disease. As has been pointed out 


98 


by Gordon® and others,®® the occurrenc 
of a searlatinal rash is dependent upon 
the susceptibility of the host to erythro- 
genic toxin; a Dick negative subject ma) 
contract a non-scarlatinal infection from 
a case of scarlet fever, and transmit the 
infection to contacts in whom a scarlatinal 
rash will appear. The Dicks” resurrected 
the term “scarlatina sine eruptione”’ to 
explain the patient infected but without 
a rash, since even in their inoculation 
experiments certain subjects became ill 
but did not develop a rash. However, 
the present day concept of scarlet fever 
as related to streptococcal infection in 
general does not permit the use of such a 
term. 

In Table 2 it may be seen that during 
a given period of time in a given locality, 
the serologic types of hemolytic strepto- 
cocci producing scarlet fever occur with 
about the same frequency in non-scar- 


latinal infections. Of the 26 original 
Griffith types belonging to Lancefield 


Group A, 22 were found to produce scarlet 
fever in Massachusetts during the periods 
of time represented in Table 2. The 
serologic types which do not appear in 
this table (Types 3, 22, 23, 30) have all 
produced scarlet fever at other times in 
different places. 

DISTRIBUTION OF SEROLOGI( 
SCARLET FEVER. 
ous serologic types of hemolytic strep'o- 


TYPES IN 
A summary of the veri- 


cocci isolated from searlet fever and from 
non-scarlatinal infections at different times 
in different parts of the world shows t iat 
no single type of hemolytic streptococ. us 
is peculiar to a particular clinical diagno 1s, 
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ui that predominant types may vary 
mm one country to another, or from 
ir to year in the same country or com- 
or three 
wedominant serologic types occur as a 


unity. However, two 


ajor cause of scarlet fever in a given 


mmunity (despite fluctuations in pre- 


342,58, 115 


lominance The occurrence of 


variety of types other than those pre- 
lominating in the community serves to 
emphasize the heterogeneous etiology of 
carlet fever. Moreover, the occurrence 
of these same serologic types in non- 

irlatinal infections emphasizes the essen- 
tial unity of streptococcal infection in 
neral.* 


IN SCARLET 


MEDICINE 


2 PERCENTAGE DISTRIBUTION OF VARIOUS SEROLOGIC TYPES 


Massachusetts, 1938-39 


AND EPIDEMIOLOG) 
logic types vary in toxin production from 
time to time and from place to place. The 
appearance and persistence of a_ pre- 
dominant type pattern in a community 
suggest that locally and temporally certain 
types are the most successful rash pro- 
ducers.''® The serologic types of hemolytic 
streptococci predominant in scarlet fever 
might be compared in epidemiologic be- 
havior with the pneumococcus types pre- 
dominant as causes of pneumonia. 
EPIDEMIOLOGIC SIGNIFICANCE. — Aside 
from establishing the heterogeneity of the 
hemolytic streptococci and the essential 
unity of scarlet fever and other strepto- 
coccal infection (which, by the way, seems 


oF HeMOLYTIC STREPTOCOCCI 


FEVER AS COMPARED WITH OTHER STREPTOCOCCAL INFECTIONS 


Massachusetts, 1942-43 
Se ogi Scarlet fever Other 
340 cases 297 cases Scarlet fever Other 
15 44.4 30.6 0.2 
13 29.7 12.4 0.2 
11 6.8 17.8 0.3 
] 5.6 10.8 23.9 21.2 
2 5.6 2.3 36.6 30.3 
12 1.5 6 4 0.9 3.0 
10 1.2 0.4 0.1 
25 0.8 1.5 6.0 
5 0.6 1.2 
Ss 0.6 1.0 11.0 3.0 
27 0.6 6.7 0.4 3.0 
»g 0.6 0.7 3.0 
6 0.3 07 6.3 
9 0.3 O07 
14 0.3 0.3 
19 0.3 12.1 18.2 
28 0.3 2.7 
26 0.4 
17 3.6 12.1 
0.3 
LS 03 
24 0.1 


ictuations in the streptococcus type 
Di n of scarlet fever, with the disap- 
nee of certain types and the appear- 
ance or of certain other 
is probably the result of the loss or 
ition of the ability of the strain to 
pl e Although 
is no knowledge of the circumstances 
favor or inhibit the production of 
ogenic toxin by a given strain, epi- 


reappearance 


erythrogenic toxin. 


logic observations suggest that sero- 


to have been Griffith’s original purpose) 
the separation of Group A into its com- 
ponent serologic types has contributed 
little as yet to our knowledge of the funda- 
mental mechanics of streptococcal infec- 
tion. The development of type classifica- 
tion led to the hope that not only would 
“virulence” be explained, but that the 
epidemiology of streptococcal infection 
could be more clearly elucidated by relat- 
ing the carrier to the case or the case to 
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another case in an orderly chain of epi- 
demiologic circumstance. However, the 
finding that any serologic type may pro- 
duce either scarlet fever or non-scarlatinal 
infections, together with fluctuations in 
the prevalence of the various types in the 
same population groups with reference to 
time and space, not only indicates that 
the ability to produce disease does not 
depend upon serologic type, but also that 
serologic type is of limited value in clarify- 
ing the epidemiology of endemic disease. 

Although in clearly circumscribed out- 
breaks, one serologic type is usually the 
cause of disease,™ such is not the case in 
the endemic form of scarlet fever as it 
occurs in this country today. The move- 
ment of a particular serologic type is fol- 
lowed with difficulty among the popula- 
tion in even a relatively small community. 
Spot maps by street address of the cases 
occurring over a period of 2 years in a 
local community failed to reveal any sig- 
nificant special grouping of cases by sero- 
logic type.* In another instance, 94 cases 
of scarlet fever occurred in a semi-rural 
community with a population of less than 
7000, after an absence of 2 years. Investi- 
gation revealed that seven serologic types 
were involved in these few cases, the vari- 
ous types appearing simultaneously and 
showing similar fluctuations in prevalence 
throughout the winter and early spring 
months.” 

The modern concept of scarlet fever 
(and other streptococcal infections) em- 
braces both the case and the carrier as 
sources of the new case. Although sero- 
logic type has enabled us to detect the 
carriers and sort them out by type, the 
role of the carrier in streptococcal disease 
is as yet more or less undefined. As pointed 
out recently,” the so-called “carrier sur- 
veys”’ have not distinguished between the 
healthy or “normal” carriers and the con- 
valescent case. Since most carrier studies 
have been done at the time and in the 
place that scarlet fever was occurring, 
such a distinction may have a direct bear- 
ing upon the problem. 


The seasonal increase in hemolytic strep 
tococcus carrier rates has been interprete: 
as a precursor of an outbreak of strepto 
coccal disease. Schwentker, Janney and 
Gordon® noted a cyclic rhythm in the 
gross and Group A carrier rates, the peak 
being reached during the late autumn and 
winter months, and the lowest in the sum- 
mer months. As regards season, the same 
cyclic phenomenon has been observed in 
New England,* and can be correlated with 
the seasonal incidence of streptococcal 
disease, either in New England or the 
U.S. Registration Area.* Such similarities 
in the frequency distribution of two phe- 
nomena suggest a basic underlying cause 
common to both. Hence, it appears im- 
possible to distinguish between cause and 
effect—whether or not streptococcal dis- 
ease is dependent on the carrier rate or 
vice versa. Since the same types producing 
disease usually are found among the car- 
riers, the evidence for either interpretation 
is confusing. 

In the Roumanian study® it was ob- 
served that some factor other than the 
lack of toxigenic strains must be respons- 
ible for the absence of scarlet fever since 
there was little difference in the strepto- 
coccal flora between communities with and 
Incidentally, the 
distribution of Dick positive individuals 


without scarlet fever. 


is not the entire answer since the dis- 
tribution by various age groups in com- 
munities free of scarlet fever was much 
the same as in other parts of the world, 
and in those communities when scarlet 
fever occurred, the distribution of positive 
Dick reactions was similar to the age 
distribution of scarlet fever. 

Schwentker, Hodes, Kingsland, Cheno- 
weth and Peck,” in a study of a company 
of naval recruits, observed that the type 
pattern observed in streptococcal illness 
was essentially the same as that found 
among the carriers. Where more than one 
type of hemolytic streptococcus was pro- 
ducing disease, it was found that the 
number of cases produced by a given type 
was proportional to the carrier rate ‘or 
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that type. In this instance, the strepto- 
coccus carrier rate was high—69% as 
compared with the usual 10% in the gen- 
eral population. On the other hand, a 
sharp increase in the cases of streptococcal 
illness has been observed in a population 
group which showed no increase in the 
carrier rate over the level maintained 
prior to the appearance of cases.” In a 
study by Hamburger, Hilles, et al.®° it 
seemed that despite a changing popula- 
tion, the type pattern of cases of strepto- 
coccal illness admitted to an Army Station 
Hospital remained fairly constant over a 
period of 2 years, suggesting that the prob- 
lem is not entirely a question of the ac- 
cumulation of carriers in a population 
group. Hamburger*® further observed that 
with as few as one or two streptococcus 
carriers present, cross infection may spread 
rapidly on open wards, while on the other 
hand,. cross infection might not occur 
on other wards where the streptococcus 
carrier rate was as high as 50%. 
Coburn'® suggests that such differences 
in the dissemination of a particular type 
at different times in different places, is 
the result of adaptive changes by the 
microérganism with relation to the chang- 
ing immune state of the host under the 
conditions of infection. This property of 
adaptation may be quickly lost, but so 
long as it exists the microérganism pos- 


sesses a high degree of “ communicability.” 
Some support is found for such a theory in 
the observation that the incidence of 
streptococcal infection is directly propor- 
tional to the carrier rate for the serologic 
type producing the cases. However, it 
has been repeatedly observed that the 
incicence of streptococcal infection (and 


ococcal carriers) follows a definite 
cu related to progression of season.* 


k ermore, the seasonal fluctuation in 
the streptococcus carrier rate has been 
sh to be due to variations in the inci- 
dence of Group A strains, the non-Group 
\ strains maintaining a more or less con- 
stant level throughout the year.** It 
see then, that if an increase in the 


carrier rate or in “communicability”’ pre- 
cedes the appearance of streptococcal in- 
fection (rather than vice versa) the non- 
Group A flora of the human throat should 
show a seasonal variation similar to that 
of the Group A flora, unless one is willing 
to apply a hypothesized seasonal difference 


‘ 


in “transmission” or “communicability’ 
to a particular group of strains. In any 
case, regardless of the nature of the 
mechanisms involved, it seems apparent 
from the accumulated evidence that the 
ability to “spread”’ or produce clinical 
disease is not related to serologic type. 

It is not to be inferred that the carrier 
plays no part in the dissemination of strep- 
tococcal disease. Coburn'® described a 
series of cases directly attributable to con- 
valescent carriers. Studies on scarlet fever 
in schoolrooms® and in households® re- 
veals the importance of the convalescent 
carrier and the subclinical case in the 
dissemination of infection. The point is 
that even with the present day knowledge 
of serologic type at our disposal we can 
neither ascribe exact significance to the 
so-called “healthy carrier,” nor can we 
sort out and segregate the “dangerous 
varrier”’ by the nature of the microérgan- 
ism he harbors. 

On the other hand, fundamental con- 
cepts of the epidemiology of streptococcal 
infection may be gained by the application 
of serologic classification to the study of 
the spread of infection in basic epidemio- 
logically related units of population. Milk- 
borne outbreaks, for example, usually are 
due to a single serologic type of strepto- 
coccus, and much has been gained con- 
cerning differences in the clinical mani- 
festations of streptococcal infection in 
different hosts exposed to the same strain 
of microérganism.*** It has been found, 
too, that single type outbreaks of strepto- 
coccal disease are not uncommon in school- 
rooms,” institutions,“ and households,™ 
when the application of serologic classifica- 
tion enables the epidemiologist to trace 
the spread of infection through the con- 
tacts of the primary cases. It is of value, 
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too, in the study of the effect of chemo- 


prophylaxis on carriers and cases® and in 
the control of cross infection on open 
wards and in institutions, especially those 
devoted to the case of rheumatic fever 
patients.*?*! 

ANTIBACTERIAL IMMUNITY. One of the 
earliest attempts to immunize against 
streptococcal infection (scarlet fever), 
came soon after and followed the pattern 
of Jenner’s work on smallpox. In a book 
published in 1806, Becker'® described a 
method then in use. Blood from the cut 
skin of a scarlet fever patient was rubbed 
into scarifications on the arm of the person 
to be immunized. During an epidemic of 
smallpox in a small Ohio village, Hudson® 
tells of seeing a man who had been exposed 
to smallpox and thought he had it. Hudson 
vaccinated the whole family, and return- 
ing next day, found that his patient had 
scarlet fever and not smallpox. Believing 
he had accidentally found a method of 
immunization against scarlet fever, Hud- 
son suggested that smallpox vaccination 
be done early in the course of scarlet fever, 
and the resulting scales be used to im- 
munize others. Hudson actually used the 
scabs from the arms of 2 boys in the family 
he first visited to immunize about 30 
children, of which 23 developed mild scar- 
let fever. Although the discovery of 
erythrogenic toxin has resulted in con- 
siderable knowledge of antitoxic immunity, 
the sum total of knowledge concerning 
antibacterial streptococcus immunity and 
methods of inducing it are almost as vague 
as Hudson’s primitive immunization tech- 
niques. 

In general, although the erythrogenic 
toxin of most serologic types is antigeni- 
cally similar, the immunologic response in 
the patient may be monovalent, suggesting 
a specific response to the type of infecting 
Thus, if the patient is re- 
infected during convalescence with another 
type of toxigenic strain, he may suffer a 
relapse of scarlet fever.** On the other 
hand, given sufficient time, the immunity 
following a single attack becomes poly- 


organism. 


valent, resulting in more or less permanen 
immunity to the erythrogenic toxin. Thi 
immunity is primarily antitoxic, howeve! 
and does not necessarily protect agains 
subsequent bacterial invasion by the sam« 
or other serologic types of streptococci. 

Relatively little is known about anti 
bacterial immunity to streptococcal infe« 
tion; most of the observations and investi- 
gations in the past having been concerned 
with antitoxic immunity. It has been 
observed frequently that Dick positive 
individuals may harbor the identical strep- 
tocoecus producing scarlet fever in other 
individuals at the moment without de- 
veloping clinical or subclinical infection 
The evidence that such immunity is of 
an antibacterial nature is indirect; for 
example, Kuttner and Krumwiede® ob- 
served that rheumatic children usually do 
not contract streptococcal pharyngitis due 
to the same type more than once. How- 
ever, its exact nature, whether it is type 
or group specific, and whether it is of 
parasitic or autarceologic origin is un- 
known. 

The earlier attempts to demonstrate 
antibacterial immunity, all generally un- 
satisfactory, by agglutinin, precipitin, 
complement fixation and opsonin tests 
have been reviewed by the Dicks.22 More 
recently, the investigations of Loewen- 
thal®* and Lyons® suggest that an anti- 
serum capable of protecting experimental 
animals must contain homologous type- 
Platov, Dwan and 
Hoyt,® Kuttner and Lenert® and more 
recently Rothbard® have demonstrated 


specific antibodies. 


feeble type-specific antibacterial activ t\ 
in convalescent antisera. These recent 
observations tend to support the opinion 
that the type-specific et protein is 
associated with “virulence.” There is 
evidence that the “M.”’ protein is at least 


partially responsible for the protect 
effects of antibacterial sera and vaccine 
and that the anti-“M”’ antibody bri igs 
about opsonization of encapsulated strep- 
tococci. These observations might be 
taken to indicate that the “ substance 


G 
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responsible for streptococcal virulence, 
ence antibacterial immunity should be 

pe-specific. However, it should be re- 
membered that this material has been 
\btained in equally large amounts from 
avirulent strains™ and, on the other hand, 
may not be contained in strains of unques- 
‘virulence.’ That it may 
be possible to stimulate protective anti- 


tioned human 


bodies with a substance not in itself related 
to “virulence” or the ability to produce 
disease is illustrated by the non-type 
pecific immunity which can be obtained 
with the pneumococcus.!" 

Factors OTHER THAN SEROLOGIC CHAR- 
\CTERISTICS IN RELATION TO VIRULENCE. 
the dis- 


tribution of serologic types and groups in 


The accumulated evidence on 


human disease lends support to the thesis 
that serologic characteristics are incidental 
to the ability of the streptococcus to pro- 
duce disease; suggesting the existence of 
in as yet undefined basic phenomenon or 
property common to most streptococci. 
Kendall, Dawson*® 
have shown that hyaluronic acid, a poly- 


Heidelberger and 


echaride originally described in vitreous 
imor, umbilical cord and synovial fluids” 
one of the main components of the 
molytic streptococcus capsule. Sea- 
me!” reported experiments in which it 
shown that this substance was un- 
ubtedly related to the virulence of 
nolytic streptococci of human origin. 
Later Kass and Seastone®’ reported experi- 
nts supplying further proof of the rela- 

of hyaluronic acid to streptococcal 
lence by that mice 
could be protected against fatal strepto- 
us infection by treatment with hya- 
nidase, an enzyme which hydrolyzes 
uronic acid. The importance of hya- 
nic acid in the virulence of Group C 
ptococci has long been accepted as an 
es iblished fact. A similar réle for the 
‘ substance in the virulence of strep- 

eci of Group A and other serologic 
groups would be in agreement with the 


0! ervations already reviewed that non- 
G 


demonstrating 


p A strains as well as all serologic 


types of Group A strains can produce 
disease. The capsular location of this sub- 
stance in the cell, and the fact that autol- 
ysis of the capsule is associated with 
spontaneous phagocytosis in normal blood 
is additional evidence of its significance 
in the virulence of streptococci." It is 
not impossible that hyaluronic acid exists 
in the cell in close association with the 
“M’” substance; it being non-antigenic in 
itself, association with the “ M” substance 
may render it a complete antigen. 

The nature of the enzyme systems, both 
parasitic and host, involved in strepto- 
coccus infection also are receiving atten- 
tion, and may yield valuable knowledge 
altering the basic concept of virulence. 
Elliott?* recently described an enzyme oc- 
curring in certain streptococcus cultures 
which destroys the “MM” substance pro- 
duced by the culture when inoculated at 
body temperature. This observation, 
together with the studies on trypsin- 
antitrypsin systems’*® and the effect of 
antitrypsin on the growth of streptococci’? 
suggest that autarceologic variations in 
the host may be of fundamental impor- 
tance in understanding the nature of the 
phenomena usually designated as strepto- 
coccal virulence. It must be remembered, 
as Dubos* thinks, that bacterial virulence 
is not due to a single substance or phenom- 
enon; but, rather, to a summation of the 
effects of many substances and phenomena 
in both the parasite and host. 

Non-Grovup A Inrections. The data 
reviewed here on the heterogeneity of 
serologic types as the etiologic agents of 
various streptococcus infections suggest 
that the disease-producing capacity of the 
hemolytic streptococcus is not dependent 
entirely upon differences in serologic type 

or even group antigens, but more likely 
upon some common denominator which 
exists irrespective of serologic character- 
istics. Evidence is accumulating that the 
ability to reproduce severe, often fatal 
infection in man is not limited to Group A 
Non-Group A strepto- 
coccus infections, as compared to Group A 
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infections are admittedly rare, but do 
Such infections usually are non- 
respiratory in origin. The ability of non- 
Group A strains to produce human infec- 
tion is of interest, too, in that it raises 
further doubt on the long-disputed ques- 
tion of the réle of the streptococcus toxins, 


occur. 


erythrogenic factors, hemolysins, strepto- 
lysins and fibrinolysins in non-scarlatinal 
With the exception of certain 
' strep- 
tococci other than those belonging to 


infection. 
Group C® and Group G strains,’ 


Group A do not produce these substances, 
at least in measurable quantities (Table 3). 
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tive), but is serologically related to Group 
C. These data suggest interesting specula- 
tions as to the origin and evolution of 
serologic characteristics. 

In Table 4 it will be noted that although 
the majority of Group A streptococci pro- 
duce an erythrogenic toxin, not all strains 
produce a toxin homologous with the 
N.Y.5 strain.'® Although it is now well 
known that not all Group A streptococci 
produce an identical erythrogenic toxin,’ 
there is no constant correlation between 
antigenic variety of toxin and _ serologi 
type. The heterologous toxin described 


TABLE 3.—PrRopvucTION oF Toxic Propucts By VARIOUS SEROLOGIC GROUPS OF STREPTOCOCCI 
Production of Streptolysin 
Serologic erythrogenic Soluble 

group toxin hemolysin Fibrinolysin oO Ss 

A® 
> 4 4 4 9 
B, D, E, F, H, Kt 0 0 0 0 ‘ 


* Includes various serologic types. 
+ Probably should include Groups L, M and N. 


TABLE 4. 


PRODUCTION OF ERYTHROGENIC TOXIN BY VARIOUS SEROLOGIC 


GROUPS OF STREPTOCOCCI 


Serologic Per cent 
group toxic 1 
A* 83 .7 75.7 
9.4 0 
B,D, E, F, H, Kt 0 0 


* Includes various serologic types. 
+ Probably should include Groups L, M and N. 


The similarity between Group A and 
Group C and G strains is especially in- 
teresting in view of the fact that three of 
Griffith’s original serologic types (Type 7, 
isolated from puerperal fever; Type 20, 
isolated from a carrier; and Type 21, 
isolated from scarlet fever) were found 
to belong to Group C, while a fourth 
(Type 16, isolated from puerperal fever) 
was found to belong to Group G.*“7® The 
analogy goes further in that the toxin- 
producing Group C strains are of the 
“human” type, fermenting trehalose but 
not sorbitol, as is characteristic of Group A 
Furthermore, Group G is not 
only biochemically similar to Groups A 
and C (trehalose positive, sorbital nega- 


strains. 


Toxins neutralized by antistreptococeal 


horse serum (per cent of strains) 


12.5 0 
0 0 


by Trask and Blake!’ was produced b; 
Type 18, while many Type 18 strains pro- 
duce a toxin homologous with N.Y.5. As 
another example, in the experience of the 
authors, the majority of Type 6 strains 
produce a toxin neutralized by N.Y.5 anti- 
serum, while occasionally a Type 6 strain 
is encountered which produces an hetero- 
logous toxin. As yet, there is no knowledge 
of the circumstances favoring toxin pro- 
duction or determining the antigenic 
variety of toxin produced. Aside from the 
ability of several serologic types (and 
groups) to produce an erythrogenic tox 

it appears from the work of Aranow and 
Wood? that certain strains of hemolytic 
Staphylococcus aureus are capable of pro- 
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ducing a typical scarlatinal rash by the 

elaboration of an erythrogenic toxin which 
antigenically related to that produced 
the streptococcus. 

Menrincococcr. In spite of exhaustive 
acteriologic and serologic distinctions, a 
question still confronts students of the 
epidemiology of meningitis which had 
already been raised and well expressed in 
the words of Hirsch written before the 
discovery of the meningococcus: “In a 
certain number of the epidemics that have 
the 
and the majority of the 
cases throughout, occurred among recruits. 


been confined to the military 
earliest cases, 
[t was natural to seek for an explanation 
of the fact in their altered mode of life, 
and more especially in the unwonted 
bodily strain of their drill or other duties 
of the service. Some ... have gone so 
far as to make that factor the true and 
only cause of the disease. Other observers 

have been less one-sided in the im- 
portance that they have assigned to these 
exactions of the service; and there can be 
hardly any doubt that they have had 
some effect in calling forth the disease. . . . 
It is clear that the significance to be as- 
signed to that factor in the etiology is 
only that of a predisposing cause or an 
opportunity. It is much more reasonable, 
in my view, to connect the prevalence of 
meningitis epidemics among bodies of 
troops with their lodgment in more or 
le rowded, badly kept, and insufficiently 
entilated tenements, or, in other words, 


with the same conditions that afford a 
peculiarly favorable soil for the develop- 
ment of this and many other infective 
diseases > (in more modern terms, 
increased opportunity for transmission 
resulting from the urbanization of non- 
immunes as in measles). 

The organism, Neisseria intracellularis, 
had been described by Marchiafava and 
Cell in 1884, but the significant study was 
thai of Weichselbaum, who in 1887 de- 
scrived it in detail as the organism found 
in 6 cases of cerebrospinal fever. The sub- 
St 


‘tution of actual laboratory tools and 
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the development of the experimental 
method for the older method of observa- 
tion now become speculation, gave great 
emphasis to the réle of the infectious agent. 
As with many other infectious diseases, 
the discovery of a microbial etiologic agent 
“revolutionized our entire conception of 
its epidemiology”’ by displacing “ the then 
dominant and paralyzing” theories of pre- 
disposition by the “ more hopeful infective 
theory.” As has not infrequently been 
the case in the pursuit of medical knowl- 
edge, the trend in research took the direc- 
tion of the newer techniques—not neces- 
sarily that of the truth. The central idea 
in epidemiology became the infectious 
agent and its mode of spread, but the 
sporadic distribution of cases even in 
epidemics and especially the finding of 
meningococci in the nasopharynx of nor- 
mal people as well as in cases, soon pushed 
the bacteriologic study of the disease 
beyond the mere question of exposure to 
the infectious agent. With the new tech- 
niques available, the explanation came to 
be sought in some variation or difference 
in the infective agent. 

Differences in strains of meningococci 
were first recognized in the course of the 
preparation of therapeutic antimeningo- 
coccus serum. Several or many strains of 
the organism were employed for the inocu- 
lation of animals on the supposition that 
biologic variations in strains would be 
covered. that 
strains of the organism isolated from the 
nasopharynx of healthy persons frequently 
were not agglutinated by sera prepared 
with strains from cases which led to 
attempts at classification into serologic 
types, first with a view to a better thera- 
peutic serum and later from the point of 
view of a better understanding of epi- 
demiologic relationships. That the earlier 
classifications represented only an imper- 
fect separation of distinct types of the 
organism, and that they had little to do 
with pathogenicity is indicated by cross 
reactions between strains of different 
types, by a great lack of agreement be- 


It was the observation 
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tween the classifications set up by different 
workers, and by the fact that all types 
could be found both in the clinical disease 
and in the healthy carrier. 

It has been through a long process of 
careful selection of strains rather than the 
introduction of any new principle, that 
the present day classification of serologic 
types of meningococci has evolved. That 
this classification has meaning is shown 
by the fact that clinical meningitis is now 
associated in the vast majority of cases 
with a single serologic type, and that the 
incidence of the disease closely parallels 
the prevalence of this type of organism 
rather than that of the other three types 
This does not 
mean, however, that the different serologic 


which are distinguished. 


types are wholly unrelated in the epi- 
demiologic sense, for when there is a change 
in type composition, an increase in the 
frequency of one type is accompanied by 
a corresponding decrease in the frequency 
The 


relative increase in frequency of one type, 


of one or more of the other types. 


for example, the increase in frequency of 
Type I meningococci which correlates with 
increase in the incidence of meningitis, 
does not appear to represent the “intro- 
duction of a new strain,” but, rather, a 
differentiation of other types, more espe- 
cially Type x into Type I; a change which 
occurs for reasons which are not known. 

At about the time typing of meningo- 
refinement 
which made it a differential procedure of 
any degree of precision, the advent of the 
newer chemotherapeutic agents went far 


cocci reached the point of 


to make typing no longer necessary, at 
least from the point of view of the purpose 
for which it was originally undertaken 
(the production of therapeutic serum). It 
has, nonetheless, turned out to be the 
only instance of serologic typing which 
constitutes a method of any epidemiologic 
importance in differentiating organisms 
that produce disease from those that do 
not. The present day understanding of 
the relationship between the prevalence of 
a single type meningococcus and meningitis 


E 
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not only throws into the discard some 
the sweeping and laborious measures whi 
had earlier been advocated as a sine q 
non for the control of meningitis, particu- 
larly in the mobilization of armies; but 
revolutionizes some of the basic concep- 
tions of the epidemiology of the disease 

The question whether meningitis is de- 
termined by “ predisposing factors” or by 
“contagion’’—raised even before the dis- 
covery of the meningococcus, gave wa) 
with the discovery of the meningococcus 
to studies centered entirely on the organ- 
ism. Now the relationships between 
meningococcus carriage, in the light of 
serologic classification and the incidence 
of meningitis, reopens the same question 
in a somewhat modified form: to what 
extent is the incidence of meningitis deter- 
mined by the dissemination of the organ- 
ism, and to what extent is the disease deter- 
mined by predisposing factors in the small 
portion of those who harbor a particular 
type of the organism? In other words, 
the strictly microbic point of view of a 
straight contest between host and infec- 
tious agent, begins to yield to the con- 
ception of a state of remarkable equilib- 
rium between the host and parasite in 
which the disease occurs only exceptionally 
when this equilibrium is thrown out of 
balance by factors which, although not 
yet clearly understood, do not necessarily 
reside entirely in the parasite. 

Soon after the agglutination test was 
introduced for the identification of men- 
ingococci, it was noticed that different 
strains possessed varying degrees of agglu- 
tinability. Kutscher in 1906 who employed 
the absorption test, observed that there 
was a marked difference between strains, 
but he was unable to classify them by this 
method.®© In 1909 Elser and Huntoon 
found that 40% of meningococci, which 
they termed pseudomeningococci, were 
inagglutinable by a monovalent serum.” 
They further divided the pseudomenin 
cocci by absorption into two sub-groups. 
In the same year, Dopter noticed ‘he 
presence in nasopharyngeal mucus of coce! 
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esembling the meningococcus in mor- 
phology, cultural and fermentation reac- 
tions, but differing from it in their com- 
plete absence of agglutination with a 
meningococcal serum; these organisms he 
Arkwright, 
iso in 1909, noticed not only that by 


termed parameningococci.” 


gglutination and absorption the organ- 
ms could be roughly divided into groups, 
but that, serologically, the sporadic strains 
tended to deviate more from the type to 
which most strains conformed than did 
the epidemic strains.* In 1914 Dopter and 
Pauron divided the parameningococci into 

types, and Ellis (1915) found that 
trains fell into 2 types, I and II, of which 
Type II was probably identical with 
Dopter’s parameningococcus.”® Arkwright 
1915) was able to classify 30 out of 35 
trains into 2 main groups, Types I and 
11,4 of which Type HI, like Ellis’ corre- 
sponded to Dopter’s parameningococcus; 

strains were difficult to classify, and 2 
ere intermediate between the 2 types. 
Gordon and Murray (1915) found that 
trains from cerebrospinal fluid of epi- 
demic cases fell sharply into 4 groups, 

lich they called Groups I, H, III, and 
|\ ;* none showed any relation to Dopter’s 
parameningococcus. In 1917, Nicolle, 
Debains and Jouan classified the meningo- 
cocci into 4 types, called A, B, C, and D.*! 


( lon’s I and III strains corresponded to N., D. 


1 J.’s Type A. 

( lon’s II and IV strains corresponded to N., D. 
ry pe B. 
er’s meningococcus corresponded to N., D. 
1J.’s Type A. 
ter's parameningococcus a corresponded to 


D. and J.’s Type B. 
er’s parameningococcus 8 corresponded to 
D. and J.’s Type B or C. 
er’s parameningococcus y corresponded to 
D. and J.’s Type D. 

Griffith (1917) found that meningo- 
could be divided into 2 main groups, 
d II; Group I corresponded roughly 
Gordon and Murray’s Groups I and 

|!\, and Group II with Gordon and Mur- 

Groups II and IV. 

ollstein observed that between the 
lled normal and parameningococci 


there were a number of intermediate vari- 
eties.° According to Amoss, the studies 
of the meningococcus stimulated by the 
appearance of epidemic meningitis in the 
armies of all the belligerent powers in 
World War | brought meningococcus typ- 
ing into a period of great activity. The 
general point of view of the time was 
represented by the classifications of Gor- 
don and of Nicolle and their associates. 
Briefly stated they distinguished two main 
types of meningococci designated either 
Types I and II, or A and B. Gordon also 
recognized Subtypes III and IV, one 
affiliating with Type II and the other with 
Type I, and Nicolle likewise distinguished 
two such types, C and D, which showed 
similar affiliations. 

As Amoss says, “The serological sub- 
division of the meningococcus into vari- 
eties or types has undoubtedly marked a 
forward step in our knowledge of the 
causation and specific treatment of epi- 
demic meningitis. It may, however, per- 
haps be regarded as of questionable value 
to set up too many minor varieties or 
types.””! 

In Gordon’s original investigation, 32 
strains of meningococci were found to be 
resolved into 4 different groups. “As a 
rule, the results of simple agglutination 
were confirmed by the absorption test.” 
There were “ close affinities between mem- 
bers of Types 1 and 3, and 2 and 4, but 
absorption tests proved that these were 
due to minor or co-agglutinins, and that 
the major agglutinin of each of the four 
types was univalent and specific.”” Gram- 
negative cocci from the nasopharynx of 
nine contacts and one doubtful case of 
“submitted to 
investigation with the four univalent ag- 
glutinating sera that had been proved to 


cerebrospinal fever were 


include all of the serological types of 
meningococcus occurring in the cerebro- 
spinal fluid of the thirty-two cases.”’ All 
“indistinguishable from the 
meningococcus in morphological, cultural, 
and fermentative characters.” Six were 
found to be 


of these were 


‘ 


serologically identical with 


if 
a 
el 
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the meningococcus, five being specimens 
of Type 2, and one of Type 1.” The re- 
maining 4 could not be identified sero- 
logically with any of the 4 types of men- 
ingococcus. ‘Two specimens were injected 
into rabbits and an agglutinating serum 
prepared against each of them. “The 
specific agglutinin of each of the pharyngo- 
cocci, while readily removed by the 
homologous coccus, was unaffected by any 
of the four types of meningococcus ob- 
tained from the cerebrospinal fluid of the 
cases.”’ Later specimens of meningococcus 
from the cerebrospinal fluid of cases were 
tested with the four univalent sera. “ By 
the end of 1915 over sixty specimens of 
meningococcus had been examined with 
all four agglutinating sera, and found to 
be identical with one or the other of the 
four serological types.’ 

It hardly seems surprising that Gordon’s 
ciassification based on the study of such 
a small number of cultures should have 
turned out upon further study to rep- 
resent a far from complete separation of 
types of meningococci. 

The combined force of the “new” type 
classifications, and the pressing needs of 
the military situation brought about the 
quick elaboration of a formula to explain 
the epidemic occurrence of the disease, 
and to meet the pressure for preventive 
measures. It was perhaps in part its 
plausibility and in part its preciseness 
which caused it to be so widely adopted. 
Observations made even in the course of 
these very studies which under ordinary 
circumstances would have raised doubt, 
passed seemingly unnoticed. It is further- 
more curious that even though serologic 
typing so largely gave impetus to the 
epidemiologic studies concerning. carrier 
rates, the epidemiologic deductions did not 
take into consideration at all the various 
serologic types. They were based rather 
on overall carrier rate. 

The World War I concept had it that 
previous to an outbreak of meningitis, 
“carriers of the meningococcus increased 
steadily,” from a “normal”’ carrier rate 


of from 2 to 4% to 20 or 30%, and that 
soon after it had passed the “danger: 
point” of 20%, cases would begin to ap 
pear. A search of a very large literatur: 
of the time does not reveal any facts, o1 
theory, for that matter, upon which 

20% “danger point”? was based. Ther 
are statements concerning individual situa- 
tions which, even if not of any particular 
significance from a statistical point of 
view, were so vivid that they were too 
readily incorporated in texts on menin- 
gitis. “The carrier-rate, which was 19.25 
per cent ... reached what is_ usually 
considered the danger point of twenty) 
per cent (see War Office Memorandum on 
Cerebrospinal Fever, p. 2), just six days 
before the first case occurred.’**® Again, 
the carrier rate “which had been kept 
beautifully low during November (5 per 
cent. on November 29) now commenced 
to rise in ominous fashion; on December 6 
it was nearly 17 per cent., on the 21st 19 
per cent., just under the 20 per cent. 
danger line as laid down in the War Office 
memorandum.” The idea was not in the 
least impeded by such lines as “... 
sporadic cases may admittedly arise with 
any carrier rate 40 and that 22% of 
civilians examined in an outpatient in- 
firmary, “although they had no relation 
to cerebrospinal fever” harbored in their 
nasopharynx organisms indistinguishable 


100 a result con- 


from the meningococci, 
firming previous studies which showed 
that “meningococci are to be found in a 
considerable percentage of persons in 
whom no relation to cases of cerebrospinal 
meningitis is discoverable.” 

Having fixed a cause of epidemics wit 
such a high degree of precision as the 
“warning rise”’ and “20% danger point, 
it was natural to hurry on to an explana- 
tion for these “sure storm signals of im- 
minent danger.” Investigating the causé 
of this “ warning rise”’ in the carrier rat 
Glover (1920) was led to suspect a rela- 
tionship between it and overcrowding 
the sleeping huts. These huts were 
the best poorly ventilated” (Eagleto: 
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119-20), and during the stress of war 
the mobilization standard had been over- 
tepped,” so that beds, instead of being 
eparated, were practically touching each 
(1920) noticed that the 
carriers in a given hut tended to be aggre- 


other. Glover 
gated together. This pointed strongly to 
the direct transmission of the meningo- 
coecus from one man to another sleeping 
in the next bed. He tried the effect of 
pacing out the beds in the hope that the 
infection would be diminished. The results 
accordance 
The effect of the dis- 
tance between the beds was not confined 
At Caterham depot, 
“where there was severe overcrowding,” 
an outbreak of cerebrospinal fever had 
occurred during each winter of the War, 
but subsequently to the adoption of the 
spacing-out policy in 1917-18, 
single case occurred.” It 
difficult to 


obtained “seemed to be in 


with expectation.” 


to the carrier rate. 


“not a 
is sometimes 
these 
studies, a high carrier rate was actually 


determine whether in 


associated with overcrowding or was in 
tself interpreted as evidence of overcrowd- 
ing. A sharp rise in the non-contact carrier 
rate “is as sure a storm signal of imminent 
danger of an outbreak as it is a sign of 
overcrowding or of dangerously deficient 
ventilation. (The latter was sometimes 
invoked in instances of otherwise unsatis- 
factory evidence of “overcrowding.’’) 
he far-reaching implications regarding 
the relation between overcrowding and 
the carrier rate; and that between the 
carrier rate and the disease; as well as 
the importance of detecting the “ warning 


‘ 


rise,’ were the cause of the wide accept- 
ance of the whole doctrine, but there has 
been a noteworthy absence of confirma- 
tion of the main theses. In the Detroit 


epidemic of 1928-29, Norton and Gordon 
found no correlation between the 
e of overcrowding in the home and 
ie contact carrier rate.” During the out- 


mre of 1931 at Aldershot, Armstrong 
and his colleagues (1931), from a study of 
the position of carriers in dormitory bar- 


rack rooms, were unable to obtain any 


evidence that infection occurred mainly 
at night.6 The carriers were scattered 
quite irregularly without any particular 
relation to the position of the beds. Other 
nasopharyngeal surveys of the civilian 
population, like that of Rake (1934),* 
have shown us that the carrier rate in 
institutions may be as high as 20% and 
over, without any outbreak of cerebro- 
spinal fever occurring. Perhaps the most 
striking figures, however, are afforded by 
Dudley and Brennan (1934). Working at 
the Chatham naval hospital, they found 
that between January, 1932, and March, 
1933, there were 11 cases of cerebrospinal 
meningitis with a carrier rate of about 
13%. During the period, March, 1933, to 
May, 1934, the carrier rate was 54%, yet 
not a single case of meningitis occurred. 
During the same period at the Royal 
Naval Hospital, Portsmouth, there were 
6 cases of meningitis with a carrier rate of 
only 5%. Analysis of the distribution of 
carriers at Chatham showed no constant 
relationship between the density of the 
population and the carrier rate. The 
senior ratings with the most spacious 
sleeping accommodation had as high a 
carrier rate—60%—as the recruits with 
the worst sleeping quarters.”’ 

That all was not well with the World 
War I concept of meningitis and its pre- 
vention—that “ when the carrier rate rises, 
it is direct evidence . of overcrowding; 
when that is remedied, the carrier rate 
automatically falls’“—is further sup- 
ported by reports that “ measures employ- 
ed to prevent meningitis . . . cannot be 
considered as altogether successful. In 
spite of the great care exercised in the 
isolation of cases, wholesale examinations 
made to detect and eliminate carriers of 
meningococci, and the various other 
methods employed to limit the spread of 
the disease, the incidence of meningitis in 
troops was much greater than in the 
civilian population.’””® Thus, after the 
extensive researches of the World War I 
period, the status of serologic typing of 
meningococci, insofar as it provided any 
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epidemiologic explanation of the occur- 
rence of the disease, or indicated methods 
of control, was much the same as that of 
the other groups of organisms considered 
in this paper. But as already stated, sub- 
sequent refinements of typing, notably the 
work of Kirkbride 
have which 


Branham, Rake, and 
resulted in a method does 
differentiate the “ pathogen.” 

It was this advance, together with the 
advent of the newer chemotherapeutic 
agents with the possibility of their prophy- 
lactic use, which called for further studies 
of meningococcus carriage, when the World 
War II period again coincided with one 
of the periodic waves of meningitis prev- 
alence (but not necessarily causally re- 
lated). 

The 
available for complete review, will show 
it is that the 
carrier rate (all types) is the backlog upon 
which the carrier rate of the “ pathogen” 
(Type I) smoulders. Within the relatively 
uniform overall carrier rate, the prevalence 


results of these studies, not vet 


believed, meningococcus 


of Type I carriage rises and falls periodi- 
cally, probably as a result of changes in 
type in the ordinarily less highly dif- 
ferentiated organism in the course of its 
dissemination, the cause of which is yet 
unknown. There that 
periods of relatively high Type I carriage 


are indications 
correspond to periods of increased prev- 
alence of meningitis, and that the occur- 
rence of the small 
proportion of those who come to harbor 


the disease in very 
larger in recruits 
than in seasoned troops or the civilian 
population 


Ty pe | meningococci 


may be determined’ “by the 
unwonted bodily strain of their drill or 
other duties of the service.’ 

Summary. Serologic techniques, per- 
haps the most valuable tools of the modern 
systematic bacteriologist, have made im- 
measurable contributions to the present- 
day knowledge of bacteria. As reviewed 
here, the application of type differences 
to the study of infectious disease also has 
increased certain phases of our knowledge 
concerning the bacteriology, epidemiology 
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and therapeutics of infection. Type dif 
ferentiation was of utmost importance, fo 
example, before the advent of the sult 
drugs and antibiotics in the treatment « 
Clostridium infections, | pneumococcu 
pneumonia, meningococcal meningitis an 
influenzal meningitis. Type differentia 
tion, even in these days of penicillin and 
sulfa and 


therapy prophylaxis still 


essential to the successful treatment of 
Clostridium intoxications, influenzal men- 
ingitis and in some cases of pneumococcal! 
or meningococcal infection. The enteri 
fevers and the streptococcal infections ar 
exceptions in that as vet serologic ty pe 
seems to have no bearing on therapy, al- 
though in the case of enteric infection, 
type differentiation may be of some valu 
in the selection of an appropriate sulfa 
compound for therapy. 

From an epidemiologic viewpoint, sero- 
logic type differentiation is of some value 
in delineating the spread of a single strain 
under certain circumstances; for example, 
single source, institutional or family out- 
breaks of disease, and in the control of 


How- 


ever, the idea that type differentiation 


cross-infection on hospital wards. 


would explain the epidemiology of infec- 


tious disease in general, or clarify the 
etiology of certain diseases in the sense of 
a single species for a single disease, has 
With the ex- 


ception of meningococcal meningitis, there 


met with disappointment. 


is no instance of any degree of correlation 
between a single serologic type and a 
Neither has the 
relationship of the carrier rate to clinical 


single disease process. 


disease been established in any, other tha 
meningococcal meningitis. The gener: 
similarity between the types of strept 
cocci and pneumococci in normal carri 
of these microérganisms and in the « 
eases they induce has contributed lit 
to an understanding of the relations 
between the case and the normal carr 
or in distinguishing between cause : 
effect with regard to case and carrier. 1] 
enteric group is perhaps slightly differ 
in that by common agreement, all carr 
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e considered as being potentially danger- 
us since all Salmonella, Eberthella and 
Shigella are potential pathogens. Even 
mong the enteric group, however, sero- 

gic type affords no criterion for altering 
this concept by the selection and isolation 
or treatment of dangerous carriers. 

Most disappointing of all, knowledge of 
erologic types has given us little insight 
nto the basic mechanics of bacterial infec- 
tion. Again, with the possible exception 
of the meningococcus, it is apparent that 
the ability of the respective microérgan- 
ms to produce scarlet fever, pneumonia, 
as gangrene or enteric fever is entirely 
ndependent of type characteristics, unless 
ne is willing to accept the thesis that in 
the Salmonella group, for example, there 

sts 164 separate type antigens each 


ndowed with the same ability to incite 


ease 1n man. 

Perhaps one of the fundamental faults 
present-day bacteriology is our lack of 
as to what constitutes a bac- 


ial ‘species. 


concept 
In an age of specialization, 
e bacteriologist is perhaps all too willing 
assign the microérganisms to a special- 
d category, thereby overlooking for the 
ment the broader biologic phenomena 
nmon to a bacteria which 
fundamental 
ortance than the criteria upon which 
ecial category is selected. For example, 


group of 


tually may be of more 


re amongst the ponderous literature on 
pneumococci, can be found any ex- 
that 
-type-specific immunity can be pro- 


ive studies on the observation 
d against the pneumococcus, or on 
host factors or host changes predis- 
ig to lobar or bronchopneumonia? 
Brown" recently pointed out, “ Every 
gist assumes that species are rela- 
stable; they are the result of evolu- 
which he has no reason to believe has 
suspended, but which proceeds so 
y or so intermittently that it need not 
the giving of useful names to the 
es which he observes. Names are 
s used for convenience in description 
if possible, to indicate genetic rela- 
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tionship.”’ Should the concept of species 
be based on serologic or biochemical type; 
the strepto- 
cocci as a species, for example—be taken 


or should the broader view 


in an attempt to explain pathogenicity 
or “virulence,’’ meanwhile retaining the 
biochemical and serologic types as con- 
venient “labels?” In attempting to define 
“virulence” it should be remembered that 
the term is relative, in all probability, as 
Dubos* pointed out, depending upon a 
number of variables, not a single isolated 
substance or characteristic, but, rather, 
upon the entire spectrum of biologic be- 
The 
epidemiologic observations on the diversity 
of serologic types associated with infection 


havior, both parasitic and host. 


which have been reviewed here, suggest 
that “ typeness”’ per se is perhaps only one 
of the many variables which determine 
the ability of the microérganism to pro- 
It is indeed remarkable that 
the vast amount of knowledge resulting 
from study of serologic type has contrib- 
uted so little to the knowledge of the 
basic processes involved in infection, or 
for that Even in a 
disease as thoroughly studied as lobar 
pneumonia, the réle of type-specific im- 
mune response in recovery from infection 


duce disease. 


matter, recovery. 


is still open to question.*® 

The frequent statement that evolution 
in science is paced by evolution in its 
methodology is so far from true in respect 
to serologic types of bacteria and the 
causation of disease that the question 
might well be raised whether the right 
methodology has yet been found. As 
Gallup had written in 1815 (long before 
the discovery of bacteria), “If instead of 
scrutinizing old shoes, rags, ete., to find 
imported fomites, and accusing foreigners 
of transporting epidemic disease, the zeal- 
ous enquirers after truth had exerted their 
talents to discriminate and render innocu- 
ous the local causes of disease, the science 
of physic would have become less reproach- 
ful to its cultivators.’”*? Perhaps not until 
equal attention has been directed to 


“typing” of autarceologic susceptibility 
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( 
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shall we understand those imbalances- in a broader sense, a remarkable host- 
which we call disease—in what may be, parasite equilibrium. 
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IT is rather striking that in our interest 
in the processes involved in bacterial in- 
fection we have become SO preoccupied 
with those factors, both cellular and 
humoral, which have been thought to lead 
to success or failure in combating such 
infections that the study of the site at 
which these factors exert their effect has 
been almost completely disregarded as 
being of minor significance. Surely the 
rdle of the connective tissue must be an 
important one in any final result because 
it is either a barrier that must be crossed 
or a pathway if pathogenic microérganisms 
are to advance from their point of entrance 
to more vital tissues. 

In 1942 this neglect of a fundamental 
consideration in the study of the nature 
of bacterial infection was pointed out and 
its significance stressed in a most able 
review of the problems of connective tissue 
permeability by Duran-Reynals.” It was 
appropriate that Duran-Reynals should 
draw attention to this concept, because 
his work stimulated the development of a 
new approach to the study of the mechan- 
ism of bacterial invasion of body tissues. 
Any such advance is to be welcomed be- 
cause it is-clear by now that the forces 
involved are more complex than originally 
appreciated and that a total understand- 
ing of what is involved can only come by 
a utilization of all available techniques as 
developed in both biological and physical 
sciences. 


CANADA 


Before attempting to review our present 
knowledge as to the properties, nature and 
significance of spreading factors in bac- 
terial infection, some consideration should 
be given to the position held by the con- 
In this 
connection the opinion that the ground 


nective tissue in this problem. 


substance of the connective tissue is a 
viscous substance offering resistance to 
the penetration of foreign materials, in- 
cluding bacteria and their products, would 
seem a reasonable one. It is also the 
opinion of Duran-Reynals and others that 
the permeability of the connective tissue 
is subject to variations which will in turn 
influence the ability of bacteria and other 
pathogenic matter to pass this barrier. 
While this permeability of the connective 
tissue is influenced by a number of diverse 
factors such as the age and race of the 
host and the area of the body concerned, 
as was pointed out by Duran-Reynals in 
1936, it is now held by many that of all 
factors increasing this permeability those 
designated by the term “spreading fac- 
tors” are the most important. On this 
basis there is reason for considering the 
action of such spreading factors as |-ing 
of comparable importance to phagocytit 
cells and antibodies in the field of resis- 
tance, or lack of it, to bacterial infec ‘ion. 

The original discovery of the spre: Jing 
factors and their present identific: tion 
with enzymes capable of hydro!) zing 
hyaluronic acid has been the result o! the 
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coming together of two apparently unre- 
lated studies. During the course of experi- 
nents on the effect of inoculation of vac- 


cinia virus in rabbits it was observed that 
infection would develop most rapidly and 
with greatest certainty when inoculation 
was made into the testis of the animal. 
This was reported in 1929 by Stewart and 
At this time Duran- 
Reynals also published reports? in which 
he demonstrated that vaccinia virus infec- 
tion of the rabbit was more effective when 
inoculated into the skin along with aqueous 
extracts of rabbit, guinea pig or rat testicle. 
It did not matter whether the testicular 
extract was injected along with the virus 
or was injected intradermally some time 
previously in the area selected for inocula- 
tion. This action of testicular extract in 
enhancing the virulence of the infecting 
agent was then shown to be the result of 
an effect exerted upon the host tissues 
and not upon the virus itself as could be 
proved by the fact that the virus recovered 
from such lesions showed no alteration in 
its infectivity. This fundamental dis- 
covery was soon followed by other studies 
using various infectious agents in several 
species of animals and in 1930 it was 
reported independently by McClean and 
by Hoffman and Duran-Reynals™ that 
effect of testicular extract was due to 
an increased tissue permeability. The 
term spreading factors was applied to sub- 
es having this property and their 
occurrence in such varied sources as in- 

e bacteria, poisonous insects and 


venoms was described.4¢? In this 
Ce ction it is interesting to note that 
ol ations have been reported! 4°'6 con- 


cerning the presence of a spreading effect 
iron. tumor extracts when tested with 
\ iia virus, India ink and diphtheria 
These reports are in agreement as 

s effect, but they show disagreement 


as regards the spreading effect of a par- 
t r type of tumor. The original method 
em) oyed in the study of spreading factors 
Was (o make intradermal injections of a 
ma'-rial thought to contain the spreading 


plus an indicator, such as India 


ink, and to compare the spread of the 
inoculum with a control mixture. Since 
that time studies of the spreading factors 
in various tissues have been carried out 
and this effect is now reported for striated 
muscle, fasciz, tendons, and gastric sub- 
serosal and subcutaneous connective tis- 
sues. 

While this progress was being made on 
the mechanism of spreading factors, an- 
other series of investigations were being 
carried out in an apparently separate field. 
This work had to do with the nature of 
the ground substance in which the cells 
and connective fibers of the connective 
This matrix ~was 
generally assumed to be a protein of the 


tissue are embedded. 


“mucin” type, but protein-digesting en- 
zymes such as trypsin are not spreading 
In 1934 Meyer and Palmer" 
reported that the gelatinous fluid in 
vitreous humor is a kind of polysaccharide 
which they named hyaluronic acid. This 
discovery was followed in 1936 by a report 
by Meyer, Dubos and Smyth” that muco- 
lytic enzymes could hydrolyze hyaluronic 
acid. Then in 1939 Chain and Duthie” 
described the existence of a mucolytic 


factors. 


enzyme in testicular extract which a year 
later they” felt was identical with ‘‘spread- 
ing factor” and to which the term hyal- 
In this manner 
two series of independent investigations 


uronidase was applied. 


were found to have a common bond of 
interest. 

The acceptance of the identity of spread- 
ing factors and hyaluronidase is not com- 
plete. Duran-Reynals for example is in- 
clined® to place under the designation of 
“spreading factors” all those substances 
produced by living organisms which have 
the common property of increasing the 
permeability of the connective tissue. 
Under this inclusive definition spreading 
factors would tend to fall into two main 
groups. In one group would be placed 
those factors with spreading power in vivo 
and an enzymatic effect upon hyaluronic 
acid in vitro. In the second group would 
be substances, such as ascorbic acid, which 
have spreading power but which exert no 
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enzymatic activity on hyaluronic acid. At 
the present time the consensus is that the 
true spreading factors are those of the 
first group. These are the product of the 
simplest organisms to the more complex; 
they are very soluble in water; powdered 
preparations may remain active for years; 
they are destroyed by heating at 60° C. 
for 30 minutes;”° their effective permeabil- 
ity dose may be as small as 5 X 10-4 
microgram; and in their action in vitro 
they are specific and only hyaluronic acid 
or its sulphuric acid ester from mesodermal] 
structures is attacked. For these reasons 
it seems proper to regard the spreading 
factors as enzymes identical with the 
hyaluronidases. 

The interest at present aroused in the 
antigenicity of enzymes, as exemplified in 
the studies of Seastone and Herriott!® and 
of Sevag,” has focussed attention on this 
aspect of bacterial spreading factors. In 
1932 Duran-Reynals reported‘? that im- 
mune serum prepared in the rabbit against 
testicular extracts would precipitate the 
extracts, suppress their spreading power 
and neutralize their ability to enhance 
A more recent 
study by McClean** showed that serum 


vaccinia virus infection. 


prepared against bull’s testis inhibited this 
enzyme but did not inhibit a testicular 
enzyme from the mouse or any of the 
bacterial enzymes tested. This evidence 
of species specificity was in agreement with 
the results of other studies by the same 
author. In 1936 he had shown® that 
whereas an immune serum could be pre- 
pared against Clostridium welchii which 
would inhibit the diffusing factor of that 
organism, it had no inhibitory activity 
against testicular extracts. Later studies 
by McClean and Hale’ and by McClean** 
have shown that antihyaluronidase serum 
would neutralize the activity of the en- 
zyme in a specific manner and that im- 
mune sera prepared against enzymes ob- 
tained from Cl. welchii and Cl. septicum 
are species but not type specific, whereas 
those obtained against streptococcal en- 
zymes are group but not type specific. 
Since the diffusing activity of these en- 


zymes in the skin will occur at a muc! 
higher dilution than that at which an 
in vitro viscosity-reducing activity could 
be demonstrated and because the immune 
sera prepared against hyaluronidase was 
able to inhibit completely only a limited 
number of minimal diffusing doses of 
spreading factor in the skin, Sevag”? is of 
the opinion that this is the probable reason 
for the failure of some experiments to 
demonstrate inhibition of the spreading 
factor. The specific character of the in- 
hibition of the spreading effect has led 
Duran-Reynals* to put forward two pos- 
sible explanations for this phenomenon. 
On the one hand one can assume that the 
spreading factors are antigenic but quite 
different in even closely related species 
and this would indicate the presence of 
non-antigenic groups which would deter- 
mine specificity. On the other hand one 
could speculate that the spreading factors 
are not antigenic and that the inhibition 
shown by immune sera is an accidental 
effect consequent upon a reaction with 
closely linked proteins which would inac- 
tivate the factors. The bulk of present 
evidence would appear to lend support to 
the first hypothesis. 

Before considering the part that hyalur- 
onidase may play in a specific bacterial 
infection, some discussion of the problem 
of invasiveness and/or, virulence is in 
With the majority of pathogenic 
bacteria in which invasive qualities are 


order. 


closely allied with virulence, we find that 
the characteristic picture of infection is 
one in which there is a well-recognized site 
of entrance into the body and a definite 
spread from that place. Staphylococcal, 
streptococcal and gas gangrene infections 
are of this order. In those infections in 
which the ability of the bacterial cells to 
cause disease is not so obviously allied 
with spread from a local portal of ent 

we find that the invasion of the body tis- 
sues is one of dissemination by passive 
transfer from the respiratory or alimentary 
passages to those regions in which recog- 
nizable tissue changes occur, such as 1s 
the case in the majority of infections 


( l 
\ 
} 
} 
Wit 
nie 
one 
al 
pat 
t} 
it 
are 
nf 
TA 
t} 
‘ } 
T 
a 
} 
ne 
hy 
) 
In 
UU) 
t} 
pl 
( 
l 
eT 
pI 
[0 
G 
h 


PATHOLOGY AND 


Mycobacterium tuberculosis, 


caused by 


Veisserita intracellularis (meningococcus) 
and Eberthella typhosa. Studies*®:®® that 
have been made concerning the production 
of spreading factor by individual bacterial 
species tend on the whole to be correlated 
with the significance that this property 
would appear likely to exert on the life 
history of a particular type of bacterial 
infection; but this correlation of spreading 
factor and invasive power is only a rough 
one at best and does not correspond to 
any other method of classification of 
pathogenic bacteria. 


The part that spreading factor produc- 


tion plays in staphylococcal infections is 
very definite. Duran-Reynals** is of the 
opinion that Staphylococcus pyogenes can 


be further subdivided into groups on the 
basis of spreading factor production which 
will correspond to the quality and size of 
the lesion produced when these organisms 
are inoculated intradermally into rabbits. 

The picture presented in streptococcal 
infections is not nearly so definite. In 


fact, while some strains of streptococci 
possess the spreading factor, others lack 
this ability and indeed the substrate to it 
hyaluronic acid) is present in the capsule 
of some species. In 1944 Crowley’ reported 
a study of hyaluronidase production by 
hemolytic streptococci from human 


sources. She found that in 308 strains of 
Lancefield Group A organisms 64 strains, 
but from only two serological types (4 and 
22), showed hyaluronidase activity; but 
in 6S strains of Groups C and G strepto- 


cocc: 48 strains showed this property. In 
this particular study all hyaluronidase- 
producing strains were non-capsulated. 
Earlier reports®¢"3 had shown that it was 
possible to obtain an enzyme from the 


culture filtrates of some hemolytic strepto- 
co hich would lyze streptococcal cap- 
sules. While McClean*? suggests that this 


enz is identical with the hyaluronidase 
produced by these organisms, Hobby et al.® 
found that though some preparations from 
Gre \ hemolytic streptococci possessed 
both spreading factor and the ability to 
hydrolyze hyaluronic acid, preparations 
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from other Group A streptococci possessed 
the spreading factor but failed to hydro- 
lyze hyaluronic acid. This leads to the 
conclusion that invasiveness of hemolytic 
streptococci involves factors other than 
hyaluronidase and may explain the di- 
vergence of opinion between Duran- 
Reynals,** who thought that the degree 
of invasiveness was largely determined 
by the amount of spreading factor, and 
Crowley? who found no evidence that 
hyaluronidase-producing strains were as- 
sociated with any particular type of in- 
fection or that hyaluronidase production 
is related to the virulence of streptococci 
for man. 
The studies of Goodner®™ dealing with 
the production of skin lesions in the rabbit 
by the pneumococcus have shown that 
the injection of pneumococcal autolysates 
results in large spreading lesions and that 
such autolysates, from both homologous 
and heterologous types, would enhance the 
lesions produced in the rabbit by Type III 
pneumococci of varying pathogenicity. 
In 1936 McClean* reported that the 
culture filtrates of certain pathogenic 
clostridia contained a spreading factor and 
more recently he!” has produced additional 
evidence to give substance to the claim 
that those clostridia which are character- 
ized by their capacity for invasion of tis- 
sues are able to elaborate hyaluronidase. 
As a result of the study of the production 
of hyaluronidase by the clostridia, Me- 
Clean, Rogers and Williams'® have made a 
novel suggestion concerning its possible 
use as a diagnostic procedure. It was ap- 
preciated that it might prove of consider- 
able value to be able to demonstrate the 
presence of actively multiplying micro- 
organisms before their presence can be 
detected by usual methods of clinical or 
laboratory examination. This is particu- 
larly true of gas gangrene infections where 
the need for early surgical interference is 
imperative. It was their belief that the 
demonstration of bacterial enzymes in the 
wound exudate would provide a means 
whereby this early diagnosis could be 
made. The work reported is purely ex- 
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perimental in nature and no human gas 
gangrene infections were available for 
study. However, they found that in 
guinea pigs it was possible to establish in- 
fection with the use of pure cultures of 
Cl. welchii, Cl. septicum and Cl. novyi. In 
the case of strains producing hyaluron- 
idase, it was possible to demonstrate this 
enzyme in the edema fluid as soon as suf- 
ficient could be collected for examination 
and in the muscle as soon as the earliest 
signs of infection appear. It is their con- 
tention that the presence of hyaluronidase 
can be detected by the Mucin-Clot Pre- 
vention test and that this test can be 
carried out in any laboratory with ordinary 
On the basis of their work 
they concluded that a large proportion of 


equipment. 


Cl. welchii strains produce hyaluronidase 
as well as lecithinase, which is identical 
with the alpha toxin. All strains of 
Cl. septicum examined produced hyaluron- 
idase, but in the case of Cl. novyi less than 
half of them produced the enzyme and 
there was no evidence that this property 
was correlated with the ability of this 
organism to produce gas gangrene. These 
experimental results were obtained using 
pure cultures of the respective infecting 
organism. In natural gas gangrene infec- 
tion, one would justifiably expect a mixed 
bacterial flora to be present which would 
contain hyaluronidase-producing organ- 
isms other than clostridia. In spite of this 
obvious lack of specificity in hyaluronidase 
production as a diagnostic criterion, it 
would seem possible that it may prove a 
useful adjunct in the making of an early 
diagnosis. 

In infections produced by Corynebac- 
terium diphtherie it has long been held 
that invasion of tissues by the organism 
does not occur and that virulence is en- 
tirely dependent upon the ability of the 
infecting strain to secrete toxin. The ap- 
pearance in Europe in the last 20 years 
of a much more severe form of diphtheria 
has led to a necessary review of the whole 
problem in the hope that a fresh approach 
would lead to greater understanding of the 
underlying mechanism. While the major- 


ity of investigators are agreed that thy 
toxins secreted by all strains of C. diph- 
theriz are identical,!’ though the amount 
produced may vary with the growth en- 
vironment as suggested by Mueller,” 

O'Meara" is of the opinion that diphtheria 
toxin is composed of 2 fractions whose 
relative amounts vary with the individual 
organism. QO’Meara is of the impression 
that his A fraction of diphtheria toxin is 
analogous to spreading factor. However, 
McClean® studied 50 strains of diphtheria 
bacilli and found that only a few of them 
had a spreading effect of moderate in- 
tensity and that only one had a detectable 
It should be noted 
that some investigators!® are of the opinion 


enzymatic activity. 
that gravis strains of C. diphtherix are 
more invasive than others, and there is 
evidence! that the presence of spreading 
factor will accelerate the passage of diph- 
theria toxin from its site of production. 
In this connection it would seem reason- 
able to speculate that the more severe 
clinical symptoms presented by combined 
infections may at least in part be due to 
the elaboration of spreading factor by the 
accompanying organism. 

In summing up our present knowledge 
concerning the place of the spreading 
factor in bacterial infection, it is possible 
to draw some definite conclusions in spite 
of the very considerable amount of in- 
vestigation that remains to be done. In 
the first place this is a new approach to 
an old problem that has shown itself worth 
the attention devoted to it. On this basis 
it would appear certain that increased 
attention will be directed again to this 
aspect of bacterial infection when the 
present all-absorbing interest in chemo- 
therapy and antibiotics adjusts itself with 
the passage of time to more equable ley «ls. 
Though there are likely a number of 
spreading factors, that which has |een 
identified with the enzyme hyaluron): ase 
would seem to be of major significa: ce. 
In this respect the concept expressec 
Duran-Reynals” is of interest. He of 
the opinion that, whereas the other | ac- 
terial weapons employed in the inv« ion 
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of tissues are directed against barriers, 
such as the mobilization of phagocytic 
cells and the laying down of a fibrin clot— 
phenomena which are called forth by the 
appearance of the invading organism—the 
spreading factor acts upon a preéxisting 

The corollary to 
this is that hyaluronidase production is 


physiologic barrier. 


probably the first force called into action 
by those organisms able to secrete it in 
their attempt to pass through the con- 
nective tissue. From that point of view 
which is primarily concerned with apply- 
ing our understanding of the mechanism 
of bacterial infection to the prevention or 
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control of such processes, it would seem 
that the study of the immunologic as- 
pects of hyaluronidase should yield in- 
formation of value. While it seems un- 
questionable that hyaluronidase has anti- 
genic properties, the results obtained with 
immune sera prepared against it do not 
as yet warrant any forecast as to its 
At the 
present time one can only hold to the 


possible employment in therapy. 


opinion that any increase in fundamental 
knowledge will almost inevitably lead to 
the development of procedures of practical 
value. 
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PROCEEDINGS OF 
THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF JANUARY 15, 1946 


Absence of Antibodies in Granulocytes 
and Macrophages During Antibody Forma- 
tion. W.E. Exricnu, M.D., T. N. Harris, 
M.D., and E. Mertens, M.D. (Philadel- 
phia General Hospital, Children’s Hos- 
pital, Philadelphia, and Depts. of Pathol- 
ogy and Pediatrics, Univ. of Penna.). A 
comparative study was made (1) of the 
relative agglutinin titers in the foot pads, 
the popliteal lymph nodes, and the blood 
serum of rabbits that had received injec- 
tions into the foot of dysentery vaccine 
with or without paraffin oil; and (2) of 
the titers in the granulocytes and macro- 
phages, and the supernatant fluid of the 
peritoneal exudates of rabbits injected in- 
traperitoneally with various dysentery and 
typhoid antigen combinations. Although 
there was excellent antibody response, the 
exudates in the foot pads and the periton- 
eal cavity showed only insignificant quan- 
tities of agglutinin; in fact, the isolated 
granulocytes and macrophages of the 
peritoneal exudates revealed no agglutinin 
at all. As similar results were obtained 
by intravenous injection of antibody and 
subsequent introduction of a non-specific 
irritant, it was concluded that the low 
antibody titers at the sites of injection 
were due to secondary concentration here 
of antibody that was synthesized in the 
regional lymphatic tissue; there remained 
nothing to suggest that either the granulo- 
cytes or the macrophages were instru- 
mental in the synthesis of the agglutinins 
studied. 


The Fate of Particulate Antigens in Rela- 
tion to the Formation of Antibody. T. N. 
Harris, M. D., E. Mertens, M.D., and 
W. E. Enricu, M. D. (Children’s Hospital 
of Philadelphia, the Philadelphia General 
Hospital and the Depts. of Pediatrics and 


Pathology, School of Medicine, Univ. of 
Penna.). The fate of particulate antigenic 
material has been investigated, in the 
period between its injéction into the foot 
of the rabbit and the appearance of anti- 
bodies in the regional lymphatic tissue. 

It has been found that a soluble sub- 
stance immunologically identical with the 
antigenic material injected can be identi- 
fied in extracts of the injected tissue and 
of the regional lymph node, and in the 
efferent lymph from that node. The con- 
centration of this soluble material falls 
off slowly in the injected tissue in the 
course of the few days following the injec- 
tion. In the extract of the lymph node 
and in the lymph it falls off quickly, and 
is succeeded by the appearance of anti- 
body. 

Evidence is presented that this material 
is derived from the antigenic material in- 
jected by a physiologic process, and some 
quantitative implications are discussed. 


Blood Flow in the Bronchial Artery of the 
Anesthetized Dog. H. D. Bruner, M.D., 
and C. F. Scumipt, M.D. (Dept. of 
Pharmacology, Univ. of Penna.). Blood 
flow in the right bronchial artery was 
measured by the bubble flowmeter in 36 
dogs anesthetized by pentobarbital or 
chlorolose, in order to evaluate possible 
causal relations between this systemic 
blood flow and production of paroxysmal 
pulmonary edema. In 12 control experi- 
ments, flow was highest at the beginning 
of an experiment and decreased with de- 
cline of systemic pressure and cardiac out- 
put probably due to loss of heparinized 
blood. The average of the highest observed 
flows was 8.81 cc. per min., range, |.! to 
26.7 cc. per min. The average maximal 
flow in 10 dogs ventilated by pump was 


D 

t 

al 
il 

p 

p 

D 

I) 

} 

e | 
a 

} 

( 

\ 

t 

a 

\ 

a 

( 


PHYSIOLOGY 381 


9.9 cc. per min. compared with 10.8 ce. 
per min. when breathing spontaneously. 
Several showed temporary cyclic or spor- 
adie variations of flow without change of 
experimental conditions. In terms of 
simultaneous cardiac output, the extremes 
of flow were 0.03 % and 0.8 % of the cardiac 
output, and perhaps 50% goes to extra- 
pulmonary structures; since the right lung 
; 1.25 times as heavy as the left, observed 
flow times 0.9 would represent approxi- 
mately the order of flow which would drain 
into the pulmonary veins or enter the 
pulmonary artery capillaries on the res- 
piratory bronchioles. Stimulation of the 
peripheral cervical vagus was followed by 
increased flow despite fall of systemic 
blood pressure, whereas stimulation of the 
peripheral cardiac branches from the stel- 
late ganglion resulted in decreased flow 
despite raised systemic blood pressure. 
\cetylcholine, mecholyl, histamine, the 
xanthines, and nitroglycerine were dilator 
substances on intra-arterial injection, while 
epinephrine, ephedrine and posterior pitu- 
itary extract were constrictor. Atropine 
blocked the dilator action of acetylcholine, 
but only partially blocked that from 
cervical vagus stimulation. Ventilation 
with 7% COs resulted in a complex re- 
sponse, but the local effect of blood with 
this CO. content appeared to be dilator; 
a low PO». (7.5% Os) appeared to be 


weakly dilator in local action. The data 
are not consistent with the supposition 
that excessive bronchial artery flow is a 
direct cause of paroxysmal pulmonary 


Electrokymography Utilizing the Fluoro- 


scope. W.Epwarp CHAMBERLAIN, M.D., 
B R. M.D., and GrorGeE C. 
Hexny, M.D. (Depts. of Radiology and 
Medical Physies, Temple Univ. Medical 
School and U. S. Public Health Service). 
The 931-A photo-multiplier tube, used 
With a recording galvanometer, will ac- 


curately record variations in light intensity 
at the photo-sensitive surface of the tube. 
Such variations in light intensity may be 
produced in various ways from physio- 
logic motions in the human or animal 
body. With proper application these mo- 
tions are recorded with fidelity (Am. J. 
Roentgenol., 54, 217-229, 1945). For ex- 
ample, the motion of a selected point on 
the border of the fluoroscopic silhouette 
of a patient’s heart may be recorded. This 
is done by placing a small piece of fluor- 
escent screen directly over the light aper- 
ture of the photo-tube. The fluoroscopic 
Roentgen ray beam, after passing the 
selected part of the heart border, traverses 
a series of apertures in a simple arrange- 
ment of lead diaphragms and falls upon 
the fluorescent screen. The motion of the 
heart border produces variations in the 
amount of light emitted by the screen. 
Resultant variations in the electrical out- 
put of the photo-tube are readily recorded 
by a string galvanometer on moving 
bromide paper. 

Other applications, with and without 
the fluoroscope, readily suggest them- 
selves. For example, very successful 
plethysmographic records have been ob- 
tained. 

Roentgen kymography has been used 
for the study of heart border motion but 
has failed to satisfy all of the requirements. 
Electrokymograms resemble electrocardio- 
grams in detail and amplitude. Because 
they are accomplished with fluoroscopic 
Roentgen ray beams of conventional in- 
tensity, records of any desired length may 
be obtained. By simultaneous recording 
of the carotid pulse on the same strip of 
bromide paper as the electrokymogram, 
interpretation of the record of heart border 
motion is greatly facilitated. Experience 
suggests that electrokymography may find 
a field of usefulness in clinical cardiology 
as well as in physiologic and pharmacologic 
research. 
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BOOK REVIEWS AND NOTICES 


PHYSICAL CHEMISTRY OF CELLS AND Tis- 
sues. By Hoser, University of 
Pennsylvania School of Medicine, Phila- 
delphia, Pa. Pp. 676; 70 ills. Phila.: 
Blakiston, 1945. Price, $9.00. 

In this volume physiology is considered 
‘“‘as a branch of physical chemical science 
dealing with life as a physical, though ex- 
ceedingly complex system, that may be sub- 
jected to scientific analysis like any other 
natural object.”’ The book begins with a 
discussion of the fundamentals of classical 
physical chemistry, commencing with atomic 
and molecular structures and graduating to 
more complicated aggregations of these basic 
units, such as the amorphous colloidal 
micelle. Next, the structure of protoplasm 
is considered and the functional aspects of 
plasma membranes. Cell and tissue respira- 
tion, contractility, intestinal absorption, and 
the formation of urine are among the sub- 
jects treated. Of great interest is the dis- 
cussion of the mechanism by which, in sub- 
microscopic cellular structures, the liber- 
ated energy can be utilized for the perform- 
ance of work. 

Dr. Hober is one of the best known workers 
and teachers at the Marine Biological Lab- 
oratory at Woods Hole and is a member of 
the Department of Physiology at the Uni- 
versity of Pennsylvania. Dr. Hober was 
dismissed as President of the University of 
Kiel for his activity in opposing Nazism 
and his books were among the first to be 
burned. 

This present volume is an excellent modern 
treatment of the subject, filled with stimu- 
lating ideas, and soundly objective concepts. 
It should be read by everyone engaged in 
work on the cell. D.C. 


THE PsYCHOANALYTIC THEORY OF NEUROSIS. 
By Orro M.D. Pp. 703. New 
York: W. W. Norton, 1945. Price, $7.50. 
INSTEAD of complying with the request 

for a second edition of ‘Outlines of Clinical 

Psychoanalysis,” the author has prepared 

the present book, which is only intended for 


those who have undergone a personal analy- 
sis. No definite case reports are given but 
there are examples to illustrate different 
mechanisms. Part I: Preliminary Considera- 
tions: Introductory Remarks on Psycho- 
analysis and the Theory of Neurosis; The 
Dynamic, The Economic, and The Struc- 
tural Point of View; The Method of Psycho- 
analysis; Early Mental Development: Ar- 
chaic Ego; Early Mental Development (Con- 
tinued): Development of Instincts, Infantile 
Sexuality; Later Phase of Development 
The Superego. Part II: Psychoanalytic 
Theory of Neurosis: Traumatic Neuroses; 
The Motives of Defense; The Mechanisms 
of Defense; The Direct Clinical Symptoms 
of the Neurotic Conflict; Anxiety as Neurotic 
Symptom: Anxiety Hysteria; Conversion 
Perversions and Impulse Neuroses; Depres- 
sion and Mania; Schizophrenia; Defenses 
Against Symptoms, and Secondary Gains; 
Character Disorders; Combinations of Neu- 
roses and Psychoneuroses; The Clinical 
Course of Neuroses; Therapy and Prophy- 
laxis of Neuroses. 

Indications for Psychoanalytic Treatment 
hysteria, compulsion neuroses, and pregenital 
neuroses, “neurotic” depression, perversions, 
addictions, and impulse neuroses, psychoses, 
severe manic-depressive cases, and schizo- 
phrenics. Contraindications: the age, feeble- 
mindedness, unfavorable life situations, the 
triviality of neuroses, the urgency of a 
neurotic symptom, severe disturbances of 
speech, lack of a reasonable and coéperative 
ego, certain secondary gains, schizoid per- 
sonalities, contraindications to analysis with 
a particular analyst. In the manic-depressive 
and schizophrenic groups, it is better ‘or 
patients and for the benefit of science ‘or 
psychoanalytic studies to be conducted in 
institutions. The very brief discussion on 
shock therapy states that such treatments 
should be administered after psychotherspy 
has proved unsuccessful. The book p- 
resents the most approved and advanced 


psychoanalytic thought. There is a biblog- 
\ 


raphy of 74 pages. N. 
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ELECTROTHERAPY AND LicgHT THERAPY. 
With the Essentials of Hydrotherapy and 
\Mechanotherapy. By Ricuarp Kovics, 
\M[.D., Professor of Physical Therapy, 
New York Polyclinic Medical School and 
Hospital, ete., New York. Pp. 694; 353 
lls. Fifth ed. Phila.: Lea & Febiger, 
1945. Price, $8.50. 
luis edition is a triumph both for Kovdes 
| the publishers. The first thing a reviewer 
‘tices about this new volume is the snug- 

ness with which it fits into the hand as com- 
pared with the bulkier volumes of former 
editions. In these days of acute shortages, 
it would be difficult to ascertain by what 
legerdemain of the book binding and printing 
urts this book has been produced. The 
excellent paper and the clarity of the print 
and illustrations make this book a joy to 
read. Incidentally, there are 38 more photo- 
graphs and schematic drawings than in the 
previous edition. 

The section on Static Electricity appears 
to be the only one that has been abbreviated. 
This seems unfortunate as the static machine 
is a valuable aid in the hands of one trained 
to use it. More physicians should emulate 
the late William Benham Snow, who ob- 
tained remarkable results with static elec- 
ty. It is true that the stigma of empiri- 
cism attaches to many of the treatments of 
physical therapy in the minds of many 
physicians, and this is well exemplified by 
the use or abuse of the static machine. 
However, many bio-physists are end avoring 
to set up standard methods of measurements 
and physical and physiologic bases for 


treatment. Kovdes’ expanded section on 
Ne Methods of Electro-Diagnosis and 
E omyographie Diagnosis gives an in- 
dication of what is being attempted along 


es of measuring action potentials ac- 
ly. Investigations such as these will 
vsical medicine of many of its rule-of- 
methods. 

end’s chapter on Exercise is also con- 
sid ly enlarged, and there is an excellent 
( ‘f the modern physical therapy treat- 
{ infantile paralysis with an unbiased 
tion of Sister Kenney’s methods. 
two additions are welcome, as more 
ittention should be paid to corrective 
s and muscle re-education. 

ssary in two parts has been added 
to tus fifth edition. Part I is of terms used 
in k'-ctrophysies and will prove valuable to 


the physician and technician using electrical 
apparatus and for an understanding of the 
subjects of Electrophysies. Part II is of 
terms relating to Mechanotherapy and 
Muscle and Nerve Action. 

It is not too much to say that no other 
book will so logically and easily induct the 
physician into the mysteries of medical elec- 
trophysics as this fifth edition of Kovdes’ 
Electrotherapy and Light Therapy. This 
volume ought to be in the library of every 
physician and is absolutely essential to 
physicians specializing in Physical Medicine 
and their technical aides. S. H. 


An IntTROpUCTION TO PHyYsICAL ANTHRO- 
poLocy. By M. F. AsHitey Montacu, 
Associate Professor of Anatomy, Hahne- 
mann Medical College and Hospital, 
Philadelphia; Visiting Lecturer, Depart- 
ment of Sociology, Harvard University. 
Pp. xiv, 326; 25 figs.; 6 tables. Springfield, 
Illinois: Charles C Thomas, 1945. Price, 
$4.00. 

Tuts excellent little volume provides a 
most readable and stimulating approach to 
the subject-matter of physical anthropology. 
It is not intended to serve as a text nor a 
reference work for the specialist but rather 
as an introduction to a fascinating and im- 
portant field. The general student, be he 
physician, anatomist, sociologist, or psychol- 
ogist, will discover numerous facts and ideas 
in its chapters which should afford him an 
even deeper appreciation of his own par- 
ticular subject. The text is systematic, well 
organized and clearly written and the tables 
and diagrams are ingeniously arranged and 
informative. The author is himself a well 
known anthropologist and anatomist and 
should speak with authority on the subject. 

In the first 2 chapters definitions and 
general principles are discussed and a brief 
but systematic account is given of the pri- 
mates as a zodlogical group. Chapter III 
deals with the origin and evolution of the 
non-human primates and provides a neces- 
sary background for an understanding of 
the more recent evolution of man himself. 
Evidence is given that the tarsioid group 
provided the material from which all later 
primates developed. Chapter IV is concerned 
with the advent of man himself and the fossil 
types, particularly the more recent discov- 
eries, which point the way backwards along 
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the zigzag path into the past. Newer theories 
concerning present day man’s evolution 
reflect considerable doubt upon the older 
concepts of linear evolution and attention 
is drawn to the almost certain admixtures 
which must have occurred between extinct 
Homo sapiens and other coeval human types 
in the past. Chapters V and VI give a pro- 
gressive and scientific basis for an analysis 
of the various present day ethnic groups. 
Shibboleths and misconceptions of ‘‘race”’ 
are strongly debunked. True genetic criteria 
are rightly advocated as the only scientific 
means by which group affinities and de- 
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scientific ideology which should furnish th 
basis for any true and proper evaluation 
the physical and mental “protuberances” 
of man, taken individually or in groups. An 
appendix gives some of the more common 
methods and procedures used in anthro- 
pometry. 

A rudimentary acquaintance with the 
principles of anthropology will do no one 
any harm, least of all the doctor. Alarming 
misconceptions held by many medical stu- 
dents concerning both fact and fancy of 
race, have convinced the reviewer (himself 
no anthropologist) that this book should be 


scents required reading for every would-be physi- 


clan. é. 


may be ascertained. The last 2 


chapters might be said to deal with the 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


MANUSCRIPTS intended for publication in THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES, and 
correspondence, should be sent to the Editor, Dr. Epwarp B. Krumsuaar, School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Articles are accepted for publication in THe AMERICAN 
JOURNAL OF THE MEDICAL SCIENCES exclusively, except in the case of subsequent publication in Society 
proceedings. 


Manuscripts should be typewritten on one side of the paper only, and should be double spaced 
with liberal margins. The author’s chief position and, when possible, the Department from which 
the work is produced should be indicated in the subtitle. ILLUsTRATIONS accompanying articles should 
be numbered and have typed captions bearing corresponding numbers. For identification they should 
also have the author’s name written on the margin or back. The recommendations of the American 
Medical Association Style Book should be followed. Rrrprences should be numbered and at the 
end of the articles, arranged alphabetically according to the name of the first author and should be 
complete, that is, author’s name, journal, volume, page and year (in Arabic numbers). 


RETURN PostaGE should accompany all manuscripts but will be returned to the author if the manu- 
script is accepted 


During the emergency 150 Reprints will be supplied gratis. Covers will be omitted on all articles 
In ordering additional reprints, we will supply in multiples of 150. 


CHANGE IN FORMAT 


Wirs this volume THe AMERICAN JOURNAL OF THE Mepicat ScrENCES changes its size for the 
first time in its existence of 125 years. The reasons for this are twofold. Of chief concern to the 
reader is that the greater width of the printed page permits the use of double columns, which expert 
investigations have shown to be easier than a single column on the eye and attention of the reader. 
Secondly, a number of medical advertisers have agreed among themselvés to furnish cuts in 3 sizes 
only, so that our longer, wider page will conform to théir medium size cut. We regret the passing 
of the journal’s distinctive size, but hope that its equally distinctive yellow cover will long be main- 
tained. It may be of interest to note here that when the supply of yellow cover papers was recently 
exhausted and could not be renewed, it was found desirable to preserve the familiar ‘‘ Yellow Journal”’ 
by printing white paper in yellow, though this required two passages through the press. 


To the Subscriber to 
The American Journal of the Medical Sciences 


Due to the increased costs of material and labor, we find it necessary to increase the subscripti 
price of THz AMERICAN JOURNAL OF THE Mepicat Scrences to $7.00 per annum. This is the fi 
increase in price since 1920, when it cost $5.00 a year, the price that was established at its origin in 18: 

The new rates, effective January 1, 1946, will be $7.00 in the United States, in South and Cent 
America; with $.96 extra for postage in Canada and all other countries. 

All new subscriptions and renewals for the year 1946 received with payment up to and includ 
December 31, 1945 will be accepted at the present rate of $6.00. 

We regret the necessity of making this change in price and we shall thank you for your contin' 
patronage. 

Very truly yours, 
Lea & FEBIGER, 
Publishers 
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